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INTRODUCTION 
Two very important physical resources in our culture today 
are food and energy. With an ever-increasing population, at 
the rate of approximately 2^ per year on a world basis (17), 
the demand for these two basic needs must, of course, increase 
just to maintain the current level of usage. In the United 
States (U.S.), population is not increasing as rapidly as in 
developing countries, but nevertheless it is expected to in­
crease until the year 2000 (1?). 
Culver (19) has projected an increase of anywhere from 25 
to 50^ in the production of livestock, feed, and food required 
by the growing U.S. population. Export demands for U.S. crops 
have also been increasing. Obviously, because land area is 
fixed there must be modifications in land usage and both crop 
and animal production practices to meet these demands. Some 
sources have suggested bringing grazing, forest or other 
underdeveloped land into use for intensive crop production. 
As Wedin et al. (103) have pointed out, however, this may not 
be an important practical alternative for increasing feed and 
food production as the lands mentioned are inherently lower in 
productivity and would require expensive inputs. In many 
cases this land is also lower in production potential because 
of terrain and climatic conditions. Other inherent conditions 
may make this land unsuitable for row crop production! 
There are other methods of improving crop productivity. 
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Crop improvement, increased management inputs such as fer­
tilizers, irrigation, pest management, and so on, are but a 
few of the ways available to increase productivity. Two 
other ways of improving our feed and food output in the U.S. 
have recently been publicized. Crop residues, as well as 
human and animal wastes, are being used in either feeding or 
recycling systems for ruminant animals (17, 103). Double 
cropping or the growing of multiple crops is being considered, 
along with waste usage, in many of the developing countries 
of the world (64), in addition to the U.S. 
Underlying the multiple-cropping concept is the utiliza­
tion of more of the incident energy of the sun on unit land 
area per unit time, resulting in increases in usable biomass. 
Land charges and other fixed costs are spread over two or more 
crops instead of one. Moisture utilization at various periods 
of the year may be increased. Benefits are derived from ero­
sion control also. All of these advantages make multiple crop­
ping a distinct potential for increasing feed and food produc­
tion in both the U.S. and elsewhere. Problems do exist, how­
ever, in both the management of these crops and in the energy 
budgets for the added energy needed to grow the additional crop. 
In the U.S. many successful double-cropping ventures have 
been cited in the popular press and in research publications 
(12,46,55*62). Most success has been experienced in the south­
eastern or central part of the U,S:; south of 40° latitude and 
east of the 90th meridian. In this area, moisture is generally 
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adequate and the number of days in the growing season are suf­
ficient. Little double cropping has been practiced north or 
west of these areas, even though this area is characterized by 
some of the most productive soils in the nation. The area in­
cludes Com Belt states (Iowa, Nebraska, Minnesota) ranking at 
the top in annual com and soybean production (94), Addition­
ally, most double cropping has involved work with grain crops, 
with little attention being given to forages as hay, silages, 
or crop residues that could be used for ruminant livestock 
production. 
Beyond increasing the productivity of the crops, the nutri­
tive composition and quality in general of crops may be altered 
to produce a food or feedstuff of greater potential utilization. 
Burton et al. (11) have illustrated the potentials for an in­
crease in animal gain through utilization of a higher quality 
forage. Breeding techniques, as used by Burton, or cultural 
practices can be used to increase the quality of the crops. 
The second major need which we consider is energy or fuel. 
Unlike food which is a renewable resource, the major portion 
of our energy used today is from fossil fuels, which are not 
renewable. There has been, in recent years, a greater demand 
for, but a lower supply of fossil fuels available (5^), thus 
creating shortages and higher costs. Many alternatives have 
been suggested to combat this impending energy crisis. In­
stead of major efforts in conservation there has been con­
siderable attention given to securing alternative supplies of 
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energy to supplement fossil fuels. Solar, wind, thermal, and 
nuclear energy are commonly suggested. Lesser attention is 
shown for an important additional source of renewable energy, 
namely crop residues, animal wastes, or the growing of 
entire-crop biomass. Biomasa of this nature could be burned 
directly to generate electricity via steam or be converted 
to methane, substitute natural gas, alcohol, or several 
other types of usable fuels. 
The supply of crop residues in the U.S. is great. One 
estimate (35) suggests amounts of ca. 4-30 million metric dry 
tons per year. The energy concentration of most crop resi­
dues or organic wastes is about two-thirds of that of coal 
(28). Biomass is lower in pollutants than much of the coal 
still available (87). It has been estimated that enough 
crop residues and wastes exist in the U.S. to replace 
of the natural gas now used (84). The utilization of these 
for fuel, however, is a new concept and there are, therefore, 
inherent problems which limit immediate utilization of large 
quantities. The logistics of handling biomass in quantity 
and the lack of known methodology for conversion to other 
forms of energy are but a few. 
The intent of the research report here was toi 
1. Evaluate, for potential total biomass production, 
modem agronomic practices for various crops and 
cropping systems-
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2. To determine the nutritive composition of these crops, 
crop residues or silages grown for utilization as 
feed or foodstuffs, and 
3* To determine the potential of the crops or residues 
as sources of fuel for energy generation. 
It is intended that this research will act as a basis for 
future studies giving insight as to the problems and needs of 
double cropping and utilization of biomass as a fuel source. 
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LITERATURE REVIEW 
Crop Adaptation. Culture, and Characteristics 
The particular crops or types of crops are "basic to 
double-cropping systems. The characteristics of crop species 
determine how that species will perform under various cropping 
conditions and how it will be utilized. A basic difference in 
crop species is the type of photo synthetic mechanism that they 
possess. Crop species can be classed as being a C^ or 
species, the latter having the potential of producing greater 
amounts of dry matter per unit time and area (61). 
Crops are also classified into other categories that are 
descriptive of their growth habit or usage. In double -cropping 
systems presently being used in the U.S. the first crop is 
typically a small grain. These crops are planted in the fall 
or very early spring and produce a crop by late spring or 
early summer. These small grain crops can be referred to as 
cool-season annual crops, producing much of their growth dur­
ing the cooler periods of spring. Most second or main crops 
are warm-season annual species planted in the spring. They 
grow most during the warm summer months and are harvested in 
the fall. 
The various crops if categorized by usage can be referred 
to as grain or forage crops. The former have their seed 
utilized for human food or animal feed. Forage crops refer 
generally to crops that are largely vegetative or are utilized 
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in the vegetative state and fed fresh or preserved to pre­
dominantly ruminant animals. The preserved forage may be 
dried forage as hay or forage that is preserved toy fermentation 
and referred to as silage. 
The following descriptions of crop species are those used 
in this study. The first two crops discussed are the small 
grains, first crops of the doutole-cropping system, while the 
remaining are the main crops. 
Rye, gec^g ^ (24,4?) 
Rye in most areas is a winter-annual, small grain species 
grown for grain which is used as feed, food, or for alcohol pro­
duction. In some cases rye is grown as a forage crop. This 
species is a species and is characterized toy having a long-
day photoperiod requirement. It is a cross-pollinated species, 
a factor which has toeen a major toarrier to toreeding for im­
proved types. Rye is normally planted in drill rows or is 
toroadcast in mid-fall at 50 to 100 kg/ha. 
Although this species is very widely grown, it is most 
commonly grown in the northern U.S. It is extremely winter 
hardy, tolerates very wet or droughty conditions, grows rela­
tively well on poor fertility soils, and is less susceptible to 
pests than other small grains. Rye can be planted later in the 
fall, can tolerate poor seedbed conditions, and also will start 
growth and mature earlier in the spring than almost any other 
species in the Com Belt. Rye is susceptible to very few 
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pests. A major problem with ergot exists if the crop is 
grown for grain. 
Oats, ^ e^ g^iva ^  (18,24,49,71) 
In northern U.S. this species is a spring annual small 
grain crop. It is a self-pollinated, species and acts as a 
long-day plant. Seeding at the rate of 35 to 75 k^ha usually 
takes place as early in the spring as tillage operations can 
begin. Seedbed preparation may be minimal but tilled land 
surface is preferable for either drilled or broadcast seeding. 
Oats does not tolerate high temperatures, droughty conditions, 
heavy wet soils or soils poor in fertility. This species pre­
fers cool, moist, well-drained areas. It is later growing and 
maturing than other small grains, but generally produces more 
total biomass. Oats is an excellent forage species and often 
is sown with perennial legumes and grasses as a companion crop 
for establishment. Production of grain is high and uses range 
from animal feed to breakfast cereal. Oat crops are generally 
pest-free, but are commonly attacked by rusts, which lower 
yield and quality. 
Com. Zea mays L. (18,32,49) 
Com is the most widely grown grain crop in the U.S. It 
is a cross-pollinated, Cj|^, short-day plant. There is produc­
tion in most states, but primarily those in the northcentral. 
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it tolerates relatively warm temperatures, yet can be grown 
at temperatures below those typical for other warm-season 
species. Drought tolerance is good. Production of biomass 
and crop growth rate are among the highest of all commonly 
grown crop species. Com perfozms best on soils of pH 6.5 to 
7.0 and requires a high level of fertility for maximum produc­
tion. Seedings can be made on minimum-tilled areas, but are 
most common on well-prepared seedbeds. Row plantings of 50 to 
100 cm width, at populations of 35»000 to 75*000 plants/ha, 
predominate. The crop is harvested primarily for grain to be 
fed to livestock, but as a silage crop it also excels. A 
sizeable portion of the grain is also exported. Plant residue 
is typically returned to the soil or used for ruminant live­
stock roulage. 
There are many pest problems with this widely grown crop. 
Com rootworms and European corn borer are major problems in 
the Com Belt. 
Grain sorghum, Sorghum bicolor (L.) Moench (18,49,95,96) 
A warm-season annual, self-pollinated species, 
grain sorghum will tolerate higher temperatures and more 
droughty conditions than corn. It will, however, not tolerate 
temperatures as low as com during early growth stages. Areas 
of growth are primarily the central-plain states from Texas to 
Canada. Grain Borghum can be grown almost anywhere com is 
grown, yet there is only one-quarter the acreage of com. It 
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is generally not as productive as com where com is adapted. 
Grain sorghum will tolerate poorer soil conditions than com. 
Planting is later than for com as hi^er soil temperatures, 
ca. 15°C, favor grain sorghum. Row spacings are similar to 
com and, if planted in suh-humid or humid areas, can be 
planted at populations two to four times that of com. Grain 
is harvested and fed to livestock after processing. Plant 
residues have been used for grazing purposes in late fall 
and winter. 
Pest problems are limited to bird damage and some insect 
and disease problems, particularly greenbugs and com leaf 
aphids. 
Sorghum-sudangrass hybrid, Sog^^ bico^r (L. ) Moench (24,49) 
Closely related to grain and forage sorghums, this 
Sordium type is a C^, warm-season annual that is a self-
pollinating cross between grain sor^um and another Sorghum 
type, sudangrass. This hybrid is very tall, growing to 5 ® 
in height. Soil and climatic requirements are similar to 
grain sorghum in that the crop will tolerate a wide variety of 
soil conditions. Extremely acid or poor fertility conditions 
do not favor production, however. Fertilization with N results 
in high dry matter production per unit N applied. Drou^ity 
conditions are easily tolerated and thus the hybrid is com­
monly used for grazing during SUmmêr months when the pêrêîmiâl 
cool-season forages are less productive. This crop is planted 
11 
in late May through June in Iowa, being seeded in drill rows 
or broadcast. It may be grazed often during the summer but 
care must be taken to avoid hydrocyanic acid (HON) poisoning 
as sorghum-sudangrass is high in. the glucoside dhurrin, 
which is converted to HCN. This species is also harvested as 
a silage crop, although occasional lodging hampers harvest* 
Disease and insect problems are minimal with sor^ium-sudangrass 
hybrids « 
Forage sorghum, §2^^^ bicolor (L» ) Moench (24,49) 
This crop is basically the same as grain sorghum in 
adaptation, culture, and species characteristics. Exceptions 
are that it is tall growing, up to 5 m, and has a higher supir 
content. It is often called sweet sorghum. It produces less 
grain than grain sorghum and, thus, is generally used for 
silage. For silage, it is grown in rows and harvested after 
moisture drops to a level favorable for ensiling. Like 
sorghum-sudangrass hybrids and grain sorghum, it is potentially 
high in HCN. 
Pearl millet, Pennisetum americanum (L. ) K. Schum (18,24,49) 
Although a different genus and species, pearl millet 
is similar to the sorghums in its culture, adaptation, and 
species characteristics. Pearl millet is a tall-growing 
(up to 5 Bi), warm-season annual, short=day plant* with great 
drought tolerance. It is a Cj^, self-pollinated species used 
12 
basically as a summer pasture or silage crop in the U.S., 
although it is used for grain in some parts of the world. 
As a forage species, it is normally planted about the same 
time as the sorghums by drilling or broadcasting. It will 
tolerate a variety of poor soil conditions but responds well 
to fertilization. Lodging is a problem and this species lacks 
the heavy sugar pith of the sorghums. Plant pests are not a 
serious problem. 
Soybeans, max (L. ) Merr. (18,33,49) 
Soybean is a wann-season, annual legume harvested for 
its high oil and protein seed. This species is a short-day 
plant in general and is self-pollinated. Because ef its 
epigeal type of emergence it is planted after corn but will 
tolerate temperatures as low or lower than com. Its drought 
tolerance is variable but may be comparable to com. Soil 
adaptation is similar to com but this legume may tolerate 
soils of higher acidity and lower fertility. As a legume, 
requirements for fertilization are relatively low as it fixes 
atmospheric N. 
Greatest productivity of this species is in the north and 
south central parts of the U.S., as well as along the Atlantic 
seaboard. In most of these areas, it is second only to com 
in acreage. Row width is similar to that of com but soybeans 
show a marked increase in yield at row widths of less than 75 
cm. Population ranges from 200,000 to 400,00p/ha. There are 
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few insect problems with this crop, but several blights, plus 
stem and root rots, can be common disease problems. 
Sugarbeet, Beta ^ Ij^^s (23,^5,49) 
Sugarbeet is basically a cool-season, long-day biennial 
(grown as an annual) but is adapted well to warm climates. 
This cross-pollinated species is a highly efficient» plant. 
Sugarbeets are grown in selected areas of the U.S. near 
commercial processing plants. Established areas of production 
are in Michigan, the Red River Valley of the Dakotas and 
Minnesota, the northern Rocky Mountain states and California. 
Sugarbeets grow well on most soil types, excepting a heavy 
clay soil, where taproot growth is inhibited. Deep plowing is 
required on most soils for adequate taproot expansion. Good 
fertility is needed and proper N fertilization is particularly 
critical. Planting time for sugarbeets is generally before 
that of com as beets will tolerate cool temperatures from 
germination on to maturity. Cool temperatures are beneficial 
for high sucrose content. Sugarbeets are typically grown in 
row widths of 35 to 75 cm, at final populations of 50,000 
to 75;000 plants/ha. Initial populations are greater 
and thinning to proper stand is common. Harvesting is done 
when sucrose content is high late in the fall when temperatures 
are near freezing. At harvest plants are topped and roots are 
removed from the soil. Sugar is extracted from the roots at an 
average of 15^ sucrose, and the pulp remaining is dried and 
14 
used for livestock feed. The tops left in the field are some­
times grazed by cattle or wilted and ensiled. Several 
diseases are problems in sugarbeet production. Cercospora 
leaf spot, curly top, and root and crown rots are the most 
serious. Insect problems are minimal. 
Sunflowers, (16,18,49,63,73) 
This species is commonly grown in the Red River Valley of 
Minnesota and the Dakotas, in California, and Texas. Poten­
tials for high yields of dry matter are good with new hybrids. 
It is a C^, annual species. Sunflowers are day neutral 
and are cross-pollinated. Two types of sunflowers are 
typically grown, the tall-growing, large-head type used for 
confectionary purposes and the smaller type used for oil. Sun­
flowers are more widely adapted to climatic conditions than 
corn. Sunflowers are slightly more resistant to freezing and 
much more drought tolerant than com. Soil fertility and 
management considerations are generally of less importance 
than with com. An earlier planting is recommended than for 
com, with row widths and populations similar to com. Seed 
maturity is reached long before seeds are dry enough to har­
vest and harvest is therefore delayed until late fall when 
seeds are at approximately 109S moisture. In the past, sun­
flowers have not only been harvested for their seed but the 
whole plant has been ensiled. Pests are a major problem with 
sunflowers. Among the most serious pests are birds, the 
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sunflower head moth, and rusts. 
Tropical com, Zea mays L. (14,31) 
Tropical com is botanically similar to hybrid com 
grown in the U.S. although it differs in several traits. The 
tropical com used in this experiment was a selected line of 
the synthetic variety 'ETO' from Colombia. Many sources of 
germplasm from the tropics were used to develop this flint 
com. This synthetic has performed exceedingly well in the 
tropics and has been a source of high combining inbred lines. 
When grown in the Com Belt of the U.S. it is much later in 
maturity than adapted hybrids and in most years is killed by 
frost before physiological maturity has been reached. This 
late maturity is a response to the change in photoperiod which 
also results in this synthetic producing very tall, rank 
vegetative matter. Grain production is small because of these 
responses to photoperiod. 
Crop Growth and Productivity 
Growth rates 
The Stanford Research Institute ( 1 ) has characterized 
various crops as to their maximum rates of growth. Examples 
p 
of the more productive species on a g/m /day basis follow* 
sudangrass, 51; pearl millet, 5^; corn, 52; sugarbeet, 31; 
and alfalfa, 23. Most of these rates were recorded in the 
warmer climates. As the authors mention, these represent 
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attainable rates of growth, but total productivity is dependent 
on growth rates that may be different for different periods of 
the growing season. Maximum yields also depend on the total 
number of days of growth. 
Growth rates are characteristic of the photosynthetic 
mechanism of the plants. Plants with the pathway in­
herently fix COg at a greater rate than plants with the 
pathway. This phenomenon is more striking at higher tempera­
tures and especially at higher ligjit intensities. The 
plants also exhibit net photosynthesis at low levels of 
COg. The plants photorespire and at low levels of COg no 
net photosynthesis occurs. The plants, such as the warm-
season grasses, thus are inherently more productive than the 
Cj plants (sudangrass, pearl millet, and com versus sugar be et 
and alfalfa mentioned above). A more detailed description of 
the two photosynthetic pathways in plants is given by Bjortanan 
and Berry (7). 
Productivity as affected by management 
Yields of various crops have been maximized under condi­
tions used in research. There are numerous reports in the 
literature. 
Sunflowers of the oil type have yielded as much as 1500 
kg/ha in Georgia (44) when planted in April. Seed yields 
dropped, however, to below $00 kg/ha with late June to early 
July plantings. Robinson (72) in Minnesota reported seed 
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yields as high as I968 kg/ha with early May plantings, to less 
than 1000 kg/ha by late June. 
Benoit et al. (6) have reported IM yields of corn grain 
in Kentucky of 9072 lb/A with late April plantings and 4480 
lb/A for a late June planting. Under irrigated conditions, 
the yields ranged from a high of 12376 to a low of 7000 lb. 
With sugarbeets, Jensen and Erie (43) summarized beet 
yields which ranged from 15*4 T/A in South Dakota to yields 
of 39*3 T/A under irrigation in Arizona. 
Workers (38) reported yields of various forage sorghums 
in Iowa ranging from 6.3 to 8.7 T/A. Wedin (102) showed aver­
age yields of grazing-type sorghums of 13*46 mt/ha for a har­
vest at dough stage and 4.95 mt/ha when harvested five times 
per season. Yields reported in Iowa for three sudangrasses 
or hybrids planted on three different dates resulted in yields 
of 7,4, 8.4, and 6.4 T/A for plantings on May 24, June 30, and 
July 2, respectively (76), 
Pearl millet yields obtained in Iowa (88 ) varied from 
20.53 mt/ha from a June 3 planting to yields of 19*30 and 
16.88 mt/ha for June I7 and July 11 planting dates, 
respectively. 
In a comparative study of small grains for forage in 
Nebraska, Grabouski and Moline (28) obtained yields of approxi­
mately 3.7 and 2.5 T/A for rye harvested at early-dough stage 
and late-boot stage, respectively. For oats at these stages, 
the yields were 2.6 and 1.4 T/A. In surveying genetic varia-
18 
tion in oats in Minnesota, Stuthman and Marten ( 86) obtained 
average yields for oats of 8.2 and 10.2 mt/ha at heading and 
tiyo weeks after heading, respectively. Smith (82) in Wisconsin 
cited yields for 'Clintland* oats at boot, heads emerging, 
early milk, early dough, and nearly ripe stages of 3362, 5033, 
6947, 7937, and 8370 lb m/k, respectively. 
Martin (50) in Iowa reported grain sorghum stover yields 
of 4.26 to 4.90 mt/ha for various fall harvests. Perry and 
Olson ( 68) recorded yields in Nebraska of 6119 k©/ha for com 
stover and 5^50 kg/ha for grain sorghum stover in 1973* 
Some modem grain yields that can be expected using 
current agronomic practices are those reported by agricultural 
experiment station performance tests. 
Com yields of many hybrids grown in central Iowa in 
yield trials averaged 133»5» 125.9, and 150.3 bu/A in 1974, 
1975, and 1976, respectively (42). 
Soybean variety trials conducted in central Iowa from 
1974 to 1976 gave a range of average yields from 45.2 to 51«6 
bu/A (41). 
Variety trials for grain sorghum in Iowa produced average 
yields for 1974 to 1976 of 109 bu/A over four locations (40). 
Nutritive Composition 
Whole plant quality 
It is well-known that both percenta^ digestibility and 
protein of forage crops decrease with advance to maturity. 
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Little has been published, however, on the effect of planting 
date on nutritive composition at different growth stages. 
Total digestible nutrient or crude protein yield per land 
area is normally realized at some stage between early flowering 
and maturity. 
Tas (88) showed a decline in percentage ^  vitro digesti­
bility with progress to maturity in pearl millet. Yield of 
digestible nutrient per hectare was greatest after 12 weeks of 
growth of an early planting. The largest yields of digestible 
nutrients occurred just prior to a killing frost. 
Tall-growing sunflowers grown for silage have shown a 
decrease in percentage total digestible nutrients and crude 
protein with advance to maturity. Total yield of protein per 
acre decreased also, but yield of digestible nutrients in­
creased slightly from early flowering to dough stage. Improved 
palatability and highest milk yields resulted from feeding 
sunflower silage made at the early-flowering stage (25). 
Oat and rye forage declined in percentage digestibility 
and percentage crude protein from late-boot stage to early-
dough stage. Yields of protein and digestible nutrients were 
greatest at early-dough stage for both species, excepting for 
rye, where the yield of crude protein was slightly lower at 
early dough (28). 
Numerous authors (26,82,86) have reported a decline in 
percentage crude protein of oats with advance to maturity but 
the yield of crude protein in several studies (26,82) was 
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greatest at early dough to the nearly ripe stage. Pendleton 
and Brov/n (66) observed a higher percentage crude protein but 
a lower total yield of protein for later plantings of oats. 
V/edin (102) has characterized the tall-growing sorghum 
species as decreasing in percentage digestibility and crude 
protein as the plant progressed to maturity. Yields of these 
nutrients increased to the dough stage, however. In other Iowa 
studies, percentage digestibility (10) after frost declined 
with these species but crude protein was variable (9)* 
Silagce quality 
Relative percentages and yields of total digestible nutri­
ents and crude protein have been characterized (39) in Table 1 
for various silage species. 
Differences in nutritive composition result when a crop is 
ensiled, as compared to the fresh material of that crop before 
ensiling. Danley and Vetter (20) have shown that digestibility 
of com and forage sorghum silage is lower but crude protein 
is higher compared to that of the fresh material. 
Crop residue quality 
Karx (52) has suggested sugarbeet tops as comparable to 
alfalfa haylage in feed value for milk production in Rlinnesota. 
Crude protein was adequate (15.8^) in the toplage. 
Soybean stems are very low in digestibility (25.8?S) but 
pods are ffiUch higher (59.6^^; as reported by Gupta et al. (30). 
When soybeans were harvested at an early stage, digestibility 
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Table 1. Percentage and yield of TDN and CP of various silage 
crops& 
TDN CP 
Crop fo lb/A I0 lb/A 
Com 68.5 8220 8.9 1068 
Grain sor^um 65.1 7161 8.5 935 
Forage sorghum 57.9 7527 9.1 1183 
Sudangrass 54.6 3822 10.9 763 
S X S hybrid 56.0 3920 9.0 630 
Oats 58.0 3480 13.0 780 
^Reprinted from "Silage Production and Use" (39). 
was slightly higher. Generally, overall digestibility of the 
stover is low, as stems make up a major portion of the residue. 
Perry and Olson (68) characterized com and sorghum stover 
under Nebraska conditions. Averaged over 2 years, com stover 
analyzed 3*95/^ crude protein and 51*5/5 digestibility. Sorghum 
stover analyzed 6. % crude protein and 4?^ digestibility. Martin 
( 50) reported similar values for crude protein of grain sor^um 
in Iowa but 3 to 10 units higher for percentage digestibility. 
Double Cropping 
Double cropping is defined by Andrews and Kassom (2) as 
the growing of two crops in sequence on the same field in a 
year, the succeeding crop being planted after the preceding 
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crop has been harvested. This differs from many other cropping 
systems which may be referred to as intercropping. Inter­
cropping implies two or more crops grown simultaneously and 
together for at least a part of their life cycle. 
An excellent review of double cropping, intercropping, and 
other multiple-cropping systems can be found in Multiple Crop­
ping ( 64). This report deals with examples of multiple crop­
ping throughout the world. Examples are cited and potential 
problems are discussed. Plant and environmental interactions 
are adequately reviewed. 
It is the intent here to examine specifically the recent 
research in double cropping in the United States and to survey 
the successes and problems encountered with this cropping 
system. 
Yields 
Nelson et al. (62), in the Piedmont region at Experiment, 
Georgia, obtained com yields of 93 q/ha under nonirrigated 
conditions. This yield resulted with a conventional tillage 
single-crop system and was compared to 68 q/ha with no-till 
planted com following wheat and barley for forage. In a 
system following the small grains for grain, they obtained 
54 q/ha of com using no-till planting. With grain sorghum as 
the second crop, yields of 60, 63, and 38 q/ha, respectively, 
were recorded for the above-named cropping systems- In a 
similar trial in the Upper Coastal Plains at Plains, Georgia, 
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yields for these three systems were 40, 36, and 2 q/ha of 
com and 12, 16, and 0 q/ha for grain sorghum, respectively. 
In subsequent investigations they planted the single-crop 
system, conventionally tilled, at the same time as that crop 
was planted no-till following small grain harvested for forage. 
No significant yield differences occurred under irrigated con­
ditions for these two tillage methods but there was a yield 
advantage for com and grain sorghum for the no-till plantings 
under nonirrigated conditions. Com and grain sorghum yields 
following small grains harvested for grain were significantly 
lower than yields of these crops in the single-crop or double-
crop system following forage harvest. Irrigation was of no 
benefit to the late plantings. This was attributed to the 
overriding "environmental and biological factors" associated 
with late planting. 
Long-term studies in North Carolina (46) compared single-
crop com with double-cropping systems of wheat followed by 
com, soybeans, or grain sorghum. Although second crop yields 
were decreased by late planting, net returns per hectare over 
a four-year period showed the wheat-soybean to be slightly 
more profitable at two locations ($237» $101) followed by 
relatively poorer results with the wheat-grain sorghum ($119, 
$10) and the wheat-corn ($91, -$54) double-crop systems, 
respectively. 
In another study in the southeastern U=S:; Sanford et al, 
( 75) in Mississippi grew soybeans and grain sor^um following 
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wheat harvested for grain. The three-year study showed an 
average of 4023 and 2243 kg/ha yield at 13^ moisture for grain 
sorghum and soybeans, respectively, for conventional tillage 
and 3857 and I909 kg/ha yield at 13^ moisture, respectively, 
with no-tillage system. The reduced yields from the no-till 
system were ascribed to lack of adequate weed control. Al­
though soybeans yielded less than grain sorghum, an accom­
panying economic study showed the double-crop system with 
conventional-tilled soybeans to be the most profitable. 
In Warsaw, Virginia, Camper, Jr. et al. (12) followed 
winter barley for grain with com, sorghum, and soybeans at 
two planting dates in a two-year study. Results indicated that 
com grain was the most profitable of the three, second crops 
in the late June plantings but soybeans gave a greater net 
return in profits for the early July plantings. Comparing 
the grain crops to com and sorghm for silage, the sorghum 
silage yielded the greatest return per hectare at both plant­
ing dates and significantly so for the early July planting. 
In areas of more northern latitudes, Triplett, Jr. et al. 
(93) evaluated a wheat-soybean, double-cropping system. At 
Wooster, Ohio, two-year averages with 'Chippewa 64' soybeans 
were 23.8 bu/A for no-till and 15*8 bi/A for plow tillage. 
At Western Branch, Ohio, three-year averages of three maturity 
group II soybean cultivars showed 25.5 and 26.3 bVA for no-
till and plow tillage, respectively. They suggested that in 
these situations anywhere from 6 to 19 bu/A was a breakeven 
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point for profits. 
At Urbana, Illinois, McKibben and Oldham (55) double 
cropped wheat and soybeans. In 1972, soybean yields, aver­
aged over four population densities of the cultivar 'Amsoy 71*, 
were 26.7 and 20.8 bu/A at lyfo moisture for 20 and 30" rows, 
respectively, under nonirrigated conditions. Under irrigated 
conditions, yields were 38.1 and 30.0 bu/A for narrow and 
wide rows, respectively. At more southerly locations in 
Illinois, results for the various treatments were similar ex­
cepting that overall yields were higher because of a longer 
growing season. 
Management Gonaideratiang 
First crop Triplett et al. (93) suggested that con­
siderable emphasis should be put on deriving a favorable yield 
of the main or second crop in a double-cropping situation. 
With soybeans, he reported a 5 to 10 bt/A decrease for every 
week planting was delayed. Thus, the major consideration in 
growing the first crop of a double-cropping system is the 
earliness of harvest. Selection of species and cultivar of 
the first crop has been shown to be important in manipulating 
harvest date. Species-wise, if small grains are considered, 
rye is the earliest to mature followed by barley, wheat, and 
oats (106). Whether the first crop is harvested for silage or 
grain has been shown to affect sscond=crop yields, with earlier 
planting after silage being advantageous (62). 
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Harvest time of the first crop for forage or silage can 
be varied easily to accommodate timely planting of the second 
crop. Maximum yield of nutrients of the first crop is not 
attained, however, until the soft-dough stage in most small 
grains. Harvest of the small grain for grain must wait for 
caryopsis maturity. The planting of earlier species or 
cultivars or harvest at high moisture content, however, fol­
lowed by drying will e:q)edite earlier planting of the second 
crop (46). 
Methods of seedbed preparation for the second crop 
Many studies have compared minimum-tillage methods with those 
of conventional-tillage systems, involving a primary and one 
or more secondary tillage operations. Several investigations 
have shown that with less tillage operations following first 
crop harvest, more moisture can be conserved and little delay 
in time from harvest to planting will occur (46,93). Studies 
are numerous (62,75,93) and variable, however, relative to 
final yield advantage for minimum or no-till versus conven-
tional-tillage systems. Even though greater moisture and a 
slightly earlier start of the second crop can result from the 
minimum-tillage methods, some problems exist with these systems. 
Such problems as weed and pest control, proper seed placement, 
and excess trash (if straw remains) have been mentioned as dis­
advantages of minimum tillage. 
Selection of the second crop The selection of an 
appropriate species and cultivar as the second crop affects 
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the potential of harvesting an adequate yield of that crop. 
Soybeans have most often been chosen as a second crop, likely 
because the indeterminate habit of growth and photo period 
sensitivity allows it to produce some crop in almost all years 
(46), Other important crops such as grain sorghum and com 
have been used in several studies with some success. Usually, 
little yield v/as obtained or the crop did not mature fully by 
the first killing frost in the fall. Harvesting of these 
second crops for silage instead of grain has been shown to be 
more profitable (12). Often selection of early-maturing culti-
vars will allow the crop to mature in time but shorter-season 
cultivars are inherently lower yielding. Planting of the 
second crop in the standing first crop has also been a sug­
gested method of earlier planting of the main crop. Results 
from this practice have been variable (92). Camper, Jr. et al. 
(12) have suggested that the various crops involved in double 
cropping should be improved through breeding for specific use 
in multiple-crop systems. 
Seeding: depth, population. and row spacing To obtain 
adequate moisture for germination, it is a common practice to 
plant seed deeper as soils dry. This is a typical problem with 
late plantings (85). Emergence of certain varieties of soy­
beans, however, are seriously affected by increased planting 
depths at warmer soil temperatures, thus creating a problem 
with seeding these cultivars deeper with later planting (27). 
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Emergence from deeper depths may also be affected if soils 
are heavy and crusting occurs. 
Optimal planting rates normally heed to be increased with 
later plantings to achieve adequate stands. McKibben and Oldham 
(55) have also suggested increased population of soybeans to 
achieve earlier canopy cover. In this manner, more sunlight 
is utilized when soybeans are planted following a small grain 
crop. In some instances, above-noxmal populations will be a 
problem with late-planted crops because of inadequate moisture 
during the summer months. Cardwell (13) has noted a decrease 
in corn yields with late plantings at higher populations. 
The work of McKibben and Oldham (55) has not only shown 
the advantages of increased populations with late-planted 
soybeans, but also the somewhat greater benefits of narrower 
rev/ widths. 
Fertilization Research in Kentucky (106) and Illinois 
(55) suggests that application of fertilizer other than N for 
both crops can be completed prior to planting of the first 
crop. Rates used should meet both crops' needs. Nitrogen 
fertilizer should be applied for each of the crops separately 
as their needs may vary inversely for various combinations. 
Pest control Pest control practices can vary because 
of double cropping. Problems have been encountered with lack 
of moisture which hampers proper functioning of certain 
herbicides or methods of application of these herbicides at 
the time of planting of the second crop (46,75,93). 
28 
Litsinger and Moody (4?) have discussed situations» 
particularly in the tropics, where pest problems and control 
can be affected either positively or negatively by various 
cropping systems. No major problems have been encountered to 
date in recent double-cropping situations in the U.S. 
Utilization of Biomass for Fuel 
Need and potentials for additional fuels 
McKetta (5^) has shown that since the late 1950* s the 
U.S. has consumed more fuel than it has produced. Consumption 
has been met by imports. These imports have been expensive and 
political questions have risen as to their steady supply to 
the U.S. in the future. In the U.S., only the production of 
coal has been greater than its usage. Oil and natural gas 
production has lagged behind consumption. As of 1973• the 
U.S. had only a six-year supply of proven recoverable re­
serves of oil and a 10.2-year supply of natural gas. Undis­
covered potentials from these two sources were estimated to 
account for 50 additional years of supply at present. McKetta 
calculated that we consumed about 80 x 10^^ BTU in 1973» and 
that by 1985 we are projected to consume about 130 x 10^^ BTU. 
Yet we will only have the capacity to produce 70 x 10^^ BTU. 
He suggests that the gap cannot be made up from imports. The 
fact that supplies are running out and production will not meet 
demand thus suggests a need to augment current resources* 
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Many sources of energy, among them thermal, wind, shale 
oil, nuclear, and solar, have been suggested as possible 
sources for the future. Solar energy is of particular 
interest because its source is unlimited while life exists on 
the earth. Problems have occurred in collecting and storing 
this energy, not the least of which are the diurnal and sea­
sonal cycles of the earth's rotation. One reasonable way to 
collect and store this energy is through plant photosynthesis, 
although the system is only at best ça. ^,5% efficient in con­
verting the sun's energy to stored plant energy (57)* Much 
mention of growing crops solely for conversion to fuel or the 
utilization of crops and animal wastes for fuel has been made 
(70). Many ways exist to convert these plant materials to us­
able fuels. Conversion to oil via liquefaction, hydrogasifi-
cation (methane), and pyrolysis have been discussed (84). Gen­
eration of alcohol from grains and residues alike has been 
suggested (80). A more direct utilization of biomass through 
direct combustion has also been discussed (8). 
Energy value of biomass 
Plant residues contain about two-thirds the heating value 
of bituminous coal (29), On a per pound dry matter basis, 
biomass has a heating value in BTU's of approximately 7»500 
while coal has 12,000 and gas, 20,000. Some biomass heating 
values vary very little with maturity of the plant (90). 
Heating values do vary with species and to a larger extent 
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with moisture content. On a dry matter basis, com stalks have 
been shown to have a heating value of 7700 BTU/lb (29), com 
cobs 4420 cal/g, com grain 4220 and whole plant com 4400 
cal/g. Soybeans have a value of 4480, sugarbeet pulp 4240, 
and oat plants 4330 cal/g (58). 
Typically, plants vary in their chemical constituents. 
These chemical compounds differ in their inherent heating 
values. Starch has a heating value of 4178.8 cal/g, whereas 
sucrose has a value of 3942.1 cal/g. Precursors of lignins, 
such as cinnamic acid, has a value of approximately 7028.4 
cal/g (100). Therefore, it follows that species, maturity, 
and the environment are responsible for some variation in 
energy values of biomass material. 
V/ater content adversely affects heating value of biomass. 
Sugar cane bagasse at 12^ moisture and 7281 BTU/lb and at 52^ 
moisture, 4000 BTU/lb (1). Vetter (R. L. Vetter, Iowa State 
Univ., Ames, la., personal communication) showed that residue 
of the total com plant at zero moisture had a heating value 
of 7552, at 20^ moisture, 5845» and at 53^ moisture, a value 
of 3569 BTU/lb. The preceding values are quoted as the high-
heating values froD bo&b-calorimeter determination. The 
values include the heat due to condensation of water vapor 
formed from hydrogen combustion with oxygen from the organic 
compounds in plant material (4). Actual heating value, as in 
an electrical generating facility, would not make use of heat 
of condensation of water vapor, as it is lost to the atmos­
phere. A typical lowering of the high-heating value to the 
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actual value is exemplified by a reduction of 5^9 BTU/lb 
(7552 to 6983 BTU/lb) for com plant residue (W. J. Sheppard, 
Batelle Laboratories, Columbus, Ohio, personal communication}* 
Actual values can be calculated knowing the chemical composition 
of the plants, and subtracting 1040 BTU/lb of water formed (4). 
Potential of biomass to supply energy needs 
Steffgen (84) has stated that in 1970 generation of elec­
tricity in the U.S. consumed 3556 trillion kcal of fossil fuels, 
which was comprised of 55*55» from coal, 28,5# from gas, and 
16^ from oil. The 540 x 10^ mt per year of agricultural 
wastes, if all converted to fuel oil, could have either re­
placed over half the fossil fuels needed to generate elec­
tricity or replaced all the oil utilized. Downing and 
Feldman (21) in Canada showed that energy from crop residues, 
even after allowing half the residue to remain on the land 
for conservation purposes and utilization of some for animal 
feed, could be great enough to supply over two-thirds of the 
energy used in Canadian agriculture. If, in addition, all 
animal wastes were utilized, twice the total energy used for 
agriculture could be supplied. 
Povich (70) has calculated the potential supply of energy 
from the grovdng of entire crops (e.g., sugarcane) for fuel. 
On 176 million acres of land not presently used for food crops, 
enough energy could be produced to supply from 41.5 to 86,1% 
of the 6.5 X 10^^ BTU utilized in 1970 in the U.S. A study by 
the Stanford Research Institute (1) projected that a "biomass 
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plantation", producing 30 T/A dry matter per year, could fire 
a 1000 megawatt electrical generating station from a crop 
area of 24-5 square miles. Costs would be slightly greater 
than if coal were used. 
Factors affecting utilization of biomass as a fuel source 
As previously mentioned, the energy content of biomass is 
relatively high and the potential quantity in the U.S. is 
sufficient to supply a sizeable portion of the nation's 
energy needs. 
There are factors other than the potential which need 
to be considered. For example, the energy balance in using 
this biomass as a fuel source, the environmental aspects, the 
handling and processing of biomass, and the economic con­
siderations are all significant. 
Heichel (35) has calculated that modem cropping 
systems yield approximately 5 cal of digestible energy per 1 
cal of cultural input. Pimente 1 et al. (69) suggests that 
producing 100 bu/A com results in an energy output to input 
ratio of 2.8*1. In Canada, Downing and Feldman (21) showed an 
average ratio of 3*2:1 of output energy to input energy for all 
farm crops. In producing biomass for fuel exclusively, the 
Stanford Research Institute ( 1 ) has calculated a theoretical 
output to input ratio of 18:1 for a "biomass farm" producing 
30 T/A dry matter undèr irrigation in the southwestern 
U.S. Specific figures for energy balances in utilization of 
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residue biomass for fuels are lacking but Heichel (34) sug­
gests that the use of these residues would favorably enhance 
the food energy ratios previously mentioned. 
Maintaining a desirable environment has been of particu­
lar interest in the last decade. Thus, any utilization of 
residues for energy must consider effects on the environ­
ment. Shrader (81) and Nelson (61) have shown that adequate 
plant residues must be returned to the soil for maintenance of 
soil structure, organic matter, nutrient content, and erosion 
control. With the utilization of plant residue for direct 
combustion, the low sulfur and N content of residues results 
in a low-pollution potential of this biomass, as compared to 
coal (87). 
The technology of harvesting, collection, transporting, 
storage, and actual firing of biomass is in general similar 
to the present methods utilized in handling crops and the 
burning of coal. Refinements in the entire handling and 
processing system need to be made to make the flow of biomass 
more efficient. 
The use of biomass for direct combustion or for produc­
tion of some other fuels have two inherent problems which sub­
tract from their economic energy value. Plant materials are 
low in bulk density and therefore the transport from source to 
point of utilization is costly. The transportation industry 
is a large energy consumer (3?). Transportation could be 
impractical because the major areas of biomass production 
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(i.e., the Midwest) are not located near areas of large energy 
consumption (i.e., cities of the eastern and western sea­
board). Studies (70,84) have shown that costs of utilizing 
biomass as fuels is no better than equal and usually somewhat 
hi^er than the costs of fossil fuels under present economic 
conditions. 
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MATERIALS AND METHODS 
Field Experiment 
Field experiments in 1974, 1975» and 1976 consisted of a 
s ingle-cropping (sc) system, used as a check where 10 different 
main crops v/ere grown alone and planted at normal times. 
Double-cropping (DC) systems consisted of each of these 10 main 
crops following rye and oats that were harvested for forage. 
Cultivar selection, population, planting and harvesting 
times, row spacing, seeding depth, fertilizer rates, and other 
cultural practices were based on modem agronomic recommenda­
tions with adaptation to the conditions of this research. 
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The 1974 trials were located on the Bruner Farm of the 
Agronomy and Agricultural Engineering Research Center, Ames, 
Iowa. The soil was a Canisteo silty clay loam-Harps clay loam 
with moderate to poor drainage, and a 1 to 295 slope. The area 
was cropped to soybeans (S) in 1973» plowed that fall, then disked 
several times and spike-tooth harrowed in the spring of 1974 
prior to planting of oats and rye. Before planting of main 
crops, the plot areas were disked once where no first crop 
was planted and disked three times where rye and oats stubble 
existed following harvest of these crops. 
Soil tests were based on samples taken to an IS^cm depth 
in early spring on each of the three replications (reps). 
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Results are listed in Table 2. 
Table 2. Soil test results. 1974 
Buffer P a K 
Rep Soil pH pH (pp2m)& (pp2m) 
1 7.20 7.10 44 136 
2 7.70 7.40 38 112 
3 7.90 7.45 19 112 
^pp2m = parts per two million. 
Fertilization was applied via hand spreading at tillage 
time just prior to seeding of each crop. Fertilizer rates 
were based on soil test recommendations, with application at 
appropriate rates for each crop within reps (Table 3). Nitro­
gen was applied as urea (45^ N), P as triple superphosphate 
(46# PgOj), and K as KCl {60fo KgO). 
Planting; and harvesting info mat ion for the various crops 
in the experiment are listed in Tables 4 and 5» respectively. 
Planting dates given for main crops in Table 4 are for the SC 
system. Planting dates of main crops following rye harvested 
early (RE), rye harvested late (RL), oats harvested early (OE), 
and oats harvested late (01) were June 7» 18, 18, and 26, re­
spectively. Some cultivars used in the DC systems were not the 
same as those in Table 4. Changes were made to match crop 
maturity to growing seasQn= Hybrid 'AélQ x a6J2' was used for 
com for grain (CG) and com for silage (CS) following RL, OE, 
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Table 3. Fertilization rates (kg/ha)# 1974 
Crop Rep N P2O5 KGO 
CS,CG,TC,GS 1 224 95 157 
2 224 95 190 
3 224 157 190 
S 1 0 45 78 
2 0 45 95 
3 0 90 95 
SB 1 90 67 62 
2 90 95 78 
3 90 95 78 
SP 1 67 34 62 
2 67 34 78 
3 67 78 78 
PS,SS,PM 1 168 34 45 
2 168 34 67 
3 168 78 67 
Rye, oats 1 45 45 112 
2 45 45 123 
3 45 90 123 
and OL. 'Sumax' forage sorghum (PS) and 'RS 506* grain sorghum 
(GS) were used following OL* Rye and oats were planted with a 
grain drill. A "Planet, Jr." was used to seed all other crops. 
Plot size was 3«03 by 4.57 m with 1.5 m or more for alleys. 
Rye, oats, S, sorghum-sudangrass hybrid (SS), and the pearl 
millet (PM) crops were harvested with a sickle-bar mower at an 
8-cm height. Other crops were harvested by machete at the same 
Table 4. Crop planting information, 1974 
Crop Cultivar 
Planting 
date 
Planting 
depth 
(cm) 
Row 
width 
(cm) 
Population 
(plant/ha)^ Herbicide 
TO ETO-71 V30 3.8 76 54,362 Bladex + Lasso 
CG B37 X B70 V30 3.8 76 59.304 Bladex + Lasso 
CS B37 X B70 V30 3.8 76 64,246 Bladex + Lasso 
SS Saxon 6/4 2.5 18 34 None 
PM Pearlex 24 6/4 1.9 18 22 None 
FS 55F 6/4 2.5 76 23 Ramrod 
GS RS67I 6/4 2.5 76 23 Ramrod 
S Amsoy 71 6/4 2.5 51 23 Treflan 
SB American #2 
Hybrid B 
4/30 1.9 51 66,717 Eptam 6E 
SF PeredoviK 66 4/30 3.8 76 61,775 Treflan 
Oat&i Multiline E73 4/10 3.8 15 143 None 
Rye Balbo 4/10 3.8 15 157 None 
^kg/ha for 88, PM, oats, rye; plants/m for GS, 8, FS. 
Table 5« Crop harvesting information, 1974 
Harvest date DM at harvest 
Crop SC RE-DC RL-DC OE-DC OIj-DC SC RE-DC RL-DC OE-DC OL-DG 
TO 9/27 10/4 10/8 10/8 10/15 36 29 28 31 30 
CG^ 10/25 10/25 11/1 11/1 11/1 62 61 43 44 35 
OS 9/20 10/4 10/8 10/8 10/15 35 32 35 38 29 
SS 9/27 10/9 10/16 10/16 10/21 31 38 37 39 3? 
PM 10/4 10/9 10/16 10/16 10/21 39 45 47 47 54 
FS 10/4 10/9 10/17 10/17 10/21 28 30 30 29 29 
GS^ 10/25 10/25 11/1 11/1 11/1 31 33 23 21 24 
10/16 10/16 10/16 10/16 10/16 - - - - -
SF^ 9/20 10/15 10/15 10/15 10/15 29 34 34 37 25 
SB° 10/7 10/7 10/7 10/? 10/7 22 21 20 21 18 
Oats - - - 6/14 6/25 - - - 19 27 
Rye — 6/3 6/14 — — — 17 19 — — 
^Stover DM only. 
^'NO harvest moistures were recorded. Growth stages at frost indicated only S 
in the 80 system was physiologically mature. 
®Beet DM only. 
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height, with the exception of sugarbeets (SB) where tops were 
excised down to the scar tissue and roots then dug. Harvested 
area for all narrow-row crops (SS, PM, rye, oats) was 0.9I x 
2.54 m. Two center rows, 2.54 m long, were harvested of the 
other crops. 
Upon harvesting, tropical com (TC), 08, SS, FS, PM, sun­
flower (SF) stover, CG stover, and GS stover were chopped at a 
1.9 cm or less length with a "Mighty Mac Shredder Grinder". A 
sample for dry matter (DM) determination, a sample for labora­
tory analysis and a silage sample (for all but CG and GS stover) 
were taken for these crops as described later. With rye and 
oats, samples for DM and a laboiratory sample were taken at time 
of harvest. For silage, plot forage was bulked by rep, left to 
dry for a 24-hr period, and chopped with a Hobart food chopper. 
Sugarbeets were topped, dug, and samples for DM and laboratory 
analyses were taken from both tops and roots. Tops were allowed 
to dry for 3 days, then were chopped for silage. Sunflower 
seeds, ear com, GS panicles (cut above the flag leaf) all were 
detached from plants at harvest. Whole S plants were harvested, 
bagged, and dried as DM samples. With the exception of SF 
seeds, threshing to separate grain was followed by cleaning. 
Wet samples of 400 to 500 g were taken for DM determina­
tion (except where stated differently above). The samples 
were dried at 60°C for 72 hr, after which percentage was 
determined* Samples of 150 to 250 g wet weight for laboratory 
analysis were collected in plastic bags. These were immedi­
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ately frozen in liquid N, placed in dry ice, and upon return 
from ha zesting, were stored in a freezer at -22®C. Approxi­
mately 1 kg of chopped plant material for silage was collected 
in a plastic "bag and, upon returning from the field, was 
evacuated under 65 cm of vacuum. The sealed bags were stored 
at room temperature for 28 days, after which a suhsample of 
100 to 200 g was taken, frozen in liquid N, and stored in a 
freezer at -22°C. 
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The DC experiment for 1975 was located at the 
Agronomy and Agricultural Engineering Research Center at 
Ames, Iowa. Plots were located on a Nicollet loam-Webster 
silty clay loam soil type with good to poor drainage and a 
3 to kfo slope. The area had been planted to S in 1974, 
Following harvest, the area was disked, field cultivated, 
disked, and then spike-tooth harrowed just prior to the plant­
ing rye in the fall of 1974. Prior to planting of oats in 
the spring of 1975» the remaining plot area was disked and 
spike-tooth harrowed. Following harvesting of the rye, the 
area was disked, field cultivated, and disked twice again in 
preparation for planting of the second crop. The area planted 
to oats required only two diskings following harvest, in 
preparation of this area for second-crop planting. 
Soil tests Were made on samples from an 18-cm depth on 
the plot area. Results of these tests are presented in Table 6. 
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Table 6. Soil test results, 1975 
Rep Soil pH 
Buffer 
pH 
p 
(pp2m)* K (pp2m) 
1 7.70 7.25 28 78 
2 7.20 7.05 36 87 
3 6.95 6.95 38 102 
^pp2m = parts per two million. 
Prior to the tillage operations, the entire plot area was 
fertilized with a 2.54-m "Gandy" bulk spreader. Rates of 
application were: 112 kg/ha of PgO^ (as triple superphos­
phate, 46j5 PgO^) and 224 kg/ha KgO (as KCl, 60j5 KgO). Nitrogen 
fertilizer was broadcast by hand just prior to planting of 
main crops at rates similar to those in 1974 (see Table 3). 
The small grains were fertilized with N at 73 k^ha (as urea, 
N). A 0.91-» "Gandy" spreader was used to apply N on 
April 17 and May 2 for rye and oats, respectively. 
Planting depth, row width, population, herbicide usage, 
and cultivars used in 1975 were the same as those in 1974, 
excepting the followingi row widths of the small grains were 
46 cm; oats was planted at 123 k&^hai Amiben was used on S and 
SP, and no herbicide on SB; *A619XA623* com hybrid (for CS 
and CG) was planted in the DC systems; and *Sumax* FS 
and *«3506* GS hybrids ware used following oats s 
Planting dates and harvest information for 1975 are 
Table 7. Planting dates and harvest Information, 1975 
Harvest dates % Mi at harvest* Harvest stage 
Crop 
Planting 
date SC Rye-DC Oat-DC SC 
Rye-
DC 
Oat-
DC SC Rye-DC Oat-DC 
TC 5/6 10/16 10/23 10/28 32 33 32 BL SD Milk-SD 
CG 5/6 10/16 10/21 11/1 83 75 75 Mature Mature SD 
CS 5/6 9/12 10/9 10/23 43 46 42 BL 50% BL Medium 
dough 
SS 5/14 9/3 10/2 10/28 32 33 27 75% HD 75% HD Pre-mlIk 
PM 5/14 10/2 10/9 10/28 32 32 33 Medium 
dough 
Medium 
dough 
Pre-mllk 
FS 5/14 9/16 10/16 10/28 28 29 24 75% HD 75% HD Pre-milk 
OS 5/14 10/6 10/23 11/1 86 82 - Mature Mature Milk 
S 5/14 9/25 10/9 10/23 88 87 87 Mature Mature Mature 
SF 5/6 8/24 9/12 b 77 79 - Mature Mature -
SB® 5/6 10/8 10/8 10/8 23 24 20 - - -
Oats 5/5 - - 6/26 - - 20 - - Early milk 
Rye 10/18/74 6/2 22 25% 
anthesis 
" 
^Percentage DM at harvest for CG, GS, S, and SF are for grain only and beets only for SB. Ade 
quatie sample for DM determination was not available for 6S and SF in the oat-DC system. 
^No plants grew thus no harvest was made. 
®No harvest maturity stage categorized. 
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presented in Table ?• 
All main crops following rye were planted on June 4, 
with main crops following oats planted on July 1. 
Planting and harvesting methods and machinery were 
similar to those of 1974 with the exception that the small 
grains were planted with a larger grain drill with press 
wheels. Evaluations for DM and sampling procedures for fresh 
forage and silage were the same as in 1974, excepting that two 
samples of each bulked plot forage of a rep of the small grains 
were taken as fresh forage and silage samples. Silage in 1975 
was made with the "Mighty Mac Shredder Grinder". In 1975» 
silage was also made from GS stover. 
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Location of the DC experiment for 1976 was on the 
Agronomy and Agricultural Engineering Research Center at 
Ames, Iowa. The soil was of the Nicollet loam-Webster silty 
clay loam type with good to poor drainage and a 2 to 3^ 
slope. The area was cropped to S in 1974 but fallowed in 
1975- The land was periodically tilled in 1975 to lessen 
weed growth. Just prior to planting of rye in the fall of 
1975» the area was disked, fertilizer applied and harrowed 
with spring-tooth harrow. Tillage operations in the spring 
prior to oat planting and planting of the early main crops 
in the SC system involved two disking in these areas. 
Following rye harvest, the rye stubble was disked once, 
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followed by a field cultivation and three diskings. After 
oat harvest, two diskings were used to prepare the land for 
the main crop. 
Soil samples on the entire plot area were made at an 
18-cm depth on September 17» 1975* Results of the soil tests 
appear in Table 8. 
Based on soil test recommendations, 70 k^ha of KgO was 
applied with a bulk spreader during the tillage operations in 
the fall of 1975» Nitrogen was applied in a similar manner 
and the same rates as in 1975' Time of application of N was 
at planting time, excepting for rye and oats which had N 
surface applied on March 25 and April 8, 1976, respectively. 
Planting depth, row width, population, herbicides, and 
cultivars used were the same as in 1975 with the following 
exceptions I the oat cultivar planted was 'Multiline E?^' at 
144 kg/ha, 'Mor Su. II* was used as the SS because seed 
of 'Saxon* was no longer available. 
Planting dates and harvest information for 1976 are pre­
sented in Table 9-
All main crops following rye harvest were planted on May 
20; main crops following oats were planted on June 25» 1976, 
Planting methods and equipment were the same as those in 1975» 
Harvest equipment methods and sampling were similar to 1975» 
excepting that no fresh forage sample was collected from the 
main crops as the DM sample was to serve as a sample for 
laboratory analysis. Also, SB tops for silage were allowed to 
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Table 8. Soil test results, 1976 
Rep Soil pH 
Buffer 
pH 
p 
(pp2m)* 
K 
(pp2m) 
1 6.95 7.05 64 152 
2 6.85 7.00 87 188 
3 6.90 7.05 143 232 
%p2m = parts per two million. 
dry 6 days before making silage, an additional 3 days over the 
previous 2 years. 
Climatological data 
A daily record of temperature and rainfall for 1974, 
1975» and 1976 are presented in Appendix A. 
The 3 years were characterized by wetter springs and drier 
than normal summer and fall periods (excepting for the fall 
of 1974). Temperatures deviated very little from normal tem­
peratures throughout each growing season. An early frost 
occurred in the fall of 1974. 
Laboratory Methods 
Sample preparation 
All fresh, frozen forage samples and frozen silage samples 
collected and stored in the freezer were lyophilized later in 
a Virtis model USlVI-15 freeze dryer. Samples were weighed 
Table 9. Planting and harvest information, 1976 
Harvest dates % DM at harvest* Harvest maturity 
Crop 
Planting 
date SC Rye-DC Oat - DC SC 
Rye-
DC 
Oat-
DC SC Rye-DC Oat - DC 
TC 5/4 10/14 10/16 10/21 35 33 27 50% HD SD Early milk 
CG 5/4 9/22 9/22 10/27 87 87 71 Mature Mature Mature 
CS 5/4 9/9 9/11 10/13 48 53 48 3 days 
post-BL 
1 day 
post-BL 
1 day 
pre-BL 
SS 5/18 8/30 9/13 10/11 37 43 49 HD HD 50% HD 
FM 5/18 10/6 10/7 10/14 30 32 33 HD 75% HD 50% heads 
emerged 
FS 5/18 9/18 9/25 10/14 37 33 36 HD HD 50% HD 
GS 5/18 9/29 9/29 10/14 80 77 77 Mature Mature HD 
S 5/11 9/23 9/25 10/13 90 89 90 Mature Mature Stage 10 
SF 5/4 8/27 9/3 10/7 62 65 68 Mature Mature Mature 
SB^ 5/4 10/21 10/21 10/21 27 27 24 b - -
Oats 4/6 - - 6/22 - - 24 - - SD 
Rye 9/26/75 5/15 15 Heads 
emerged 
^^ercentage DM at harvest for CG, GS, S, and SF axe for grain only and for beets only for SB. 
^No harvest maturity stage categorized. 
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before lyophilizing, weighed on removal from the freeze 
drier, and DM determined. The lyophilization procedure is 
outlined in detail in Appendix B. 
Samples for laboratory analysis which were not collected 
in a fresh state and frozen were dried in a forced-air oven 
at 70°C for at least 3 days prior to processing. 
Shortly after lyophilization or forced-air drying, 
samples were ground throu^ a Wiley laboratory mill with a 1-
mm screen. The ground sample was thoroughly mixed and a 65-ml 
bottle was filled completely with a subsample of the material. 
These bottled samples were then left in a small forced-air 
oven for 24 hr at 70°C to remove any sample moisture resulting 
from processing and handling. The bottles were individually 
capped, cooled, and stored in a refrigerator at 4®C until 
weighing was conducted for laboratory analyses. 
Nutritive composition analysis 
All samples prepared for laboratory analysis, excepting 
SB roots for 1974, were analyzed for estimated digestibility 
using a modification of a two-stage in vitro dry matter dis­
appearance (IVDMD)^ technique as outlined by Barnes et al. (5)* 
A complete account of this procedure as used for IVDMD deter­
mination is presented in Appendix B. All samples analyzed for 
IVDMD were also assayed for crude protein (CP). The percent N 
^May be referred to as IVDM digestibility or IVdigestible 
DM with appropriate caution. 
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in the sample was determined through use of the first stage of 
a micro-Kjeldahl procedure as outlined by Perrin (67). Samples 
collected from this stage were than processed using a spectro­
photometer to determine colorimetrically the percent N (89). 
The percentage N value was multiplied by 6.25 to convert it to 
percentage CP. A detailed description of the entire procedure 
used to determine CP is presented in Appendix B. 
Bomb calorimeter determination of combustible energy 
Gross energy values were determined for all samples col­
lected for laboratory analyses in 1974 and 1975» excepting 
silage samples, grain samples of SF, S> GS, and CG, root 
samples of SB- and small grain samples from 1974. A Parr 
adiabatic bomb calorimeter (Model 1241) was used to determine 
t h e  e n e r g y  v a l u e s  a s  d e s c r i b e d  i n  t h e  o p e r a t i n g  m a n u a l  ( 6 $ ) ,  
A description of the procedure is presented in Appendix B. 
A study was also conducted to determine the gross energy 
of samples at various moisture contents. Dry samples of com 
cobs, com stover, and S stover from 1975 crops were reconsti­
tuted to three different moisture levels ranging from 10 to 35^ 
moisture. Procedural details are outlined in Appendix B. 
Statistical Methods 
1974 
The field experiment in 1974 was arranged in a split-
plot design with thrse reps. The main or second crop the 
whole plot and the small grain first crops, if any, were 
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the subplots representing the different cropping systems. 
There were 10 whole plots, each being planted to one of the 
following crops I tropical com, com for grain, com for 
silage, grain sorgihum, forage sor^um, pearl millet, sorghum 
X sudangrass hybrid, sugarbeets, soybeans, or sunflowers. 
Each whole plot consisted of five subplots which represented 
different cropping systems and which consisted of one of the 
following* no crop, representing a SC system; rye harvested 
early (RE); rye harvested late (RL); oats harvested early 
(OE); and oats harvested late (OL). The latter four were 
DC systems. The second or main crop of the whole plot was 
planted to each of these crops, either initially (in the SC 
system) or after harvest of the first crop. 
Shown in Table 10 is a general analysis of variance table 
for the 1974 experiment. Crops and systems were fixed sources 
of variation. The error term for crop was the rep x crop 
interaction ("error a"). A combined error term made up of 
the rep x crop x system interaction and rep x system inter­
action was used as the error term "error b" for systems and 
the crop x system (C x S) interaction. No statistically valid 
term was available to test reps. 
The standard errors of the difference of two means (SE) 
and least significant difference (LSD) at the 0.05 and 0.01 
levels of significance were calculated as presented in Table 
LI (83). 
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Table 10. A general AOV table, 1974 
Source df 
Reps 2 
Crops 9 
"Error a"* 18 
Systems 4 
Crop X systems 36 
"Error b"^ 80 
Corrected total 149 
^Rep X crop interaction. 
^Côwuined error of the rap x system and rep * crep x 
system interactions. 
1975 and 1976 
A strip split plot with three reps comprised the 
design used for the 1975 and 1976 experiments. Whole plots 
consisted of the various main or second crops. Subplots were 
the small grain first crops (if any), representing the differ­
ent cropping systems. These subplots were arranged in such a 
manner as to create a long strip over all the whole plots. 
This design was used to permit better mechanization of the 
tillage and planting operations of first and second crops. 
The whole plots consisted of 10 crops which were the same as 
those for the 19/4 experiment. The subplots consisted of 
three systems s no first crop, thus a SC system; a 
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Table 11. Methods of calculation of standard error (SE) and 
IfiD values t 197^®" 
Crop SE = V2 Ea/rb 
LSD = (ta)(SE) 
System SE = V2 Eb/ra 
LSD 05 = (t^)(SE) 
Crop X system SE® = V2 Eb/r 
LSD 02 = (tt)(SE) 
Crop X system SE^ = ^2[(b-l)Eb + Ea]/rb 
ISD = t(SE) 
where t = [(b-l)Eb(t|j) + Ea(t^)]/C(b-l)Eb + Ea] 
^r = number of reps; a = number of crops; b = number of 
systems; Ea = "error a" mean square; Eb = "error b" mean 
square; tg, = t value at Ea df at the .05 probability level; 
t^ = t value at Eb df at the .05 probability level. 
^LSD 02 would be similar to LSD excepting t values are 
at the .01 probability level. 
^Used to test two different system means of the same 
crop. 
^Used to test interaction means other than those of 
footnote c. 
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DC system with rye as the first crop; and a DC system with 
oats as the first crop. 
Presented in Table 12 is a general analysis of variance 
breakdown, showing sources of variation for the 1975 and 1976 
experiments. Crops and systems were considered fixed sources 
of variation. The error term used to test crops was the rep 
X crop interaction ("error a")* Systems were tested by the 
rep X systems interaction ("error b") and the C x S 
interaction was tested by the rep x crop x system interaction 
("error c"). 
Table 12. A general AOV table, 1975» 1976 
Source df 
Reps 2 
Crops 9 
"Error a" (rep x crop) 18 
Systems 2 
"Error b" (rep x system) 4 
Crops X systems 18 
"Error c" (rep x crop x system) 36 
Corrected total 89 
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The standard errors of the difference of two means and 
the LSD at the 0.05 and 0.01 probability (P) levels were cal 
culated as presented in Table I3 (48). 
A combined AOV for 1975 and 1976 was also conducted as 
a strip-split plot over years. Table 14 presents a general 
AOV table for the combined years' analysis, 1975 and 1976. 
Years, crops and systems were considered fixed. 
The reps within years tern was used to test the years, 
"error a" to test crop and year x crop, "error b" to test 
systems and year x systems, and "error c" to test crop x 
system and year x crop x system. 
Regression analysis 
Gross energy values were determined for CG stover, 
cobs, and S stover following reconstitution to three approxi­
mate moisture percentages. A simple linear regression an­
alysis was conducted with the specific moisture percentage 
of each sample as the independent variable and the resultant 
gross energy value of that sample as the dependent variable. 
Regression equations were determined for each of the above 
mentioned crop residues and also one equation was derived 
using all three crop residues. Simple correlations were 
additionally calculated for the above. 
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Table 13. Methods of calculation of standard errors (SE) 
and LSD values, 1975, 1976& 
Crop SE = V2 Ea/rb 
LSD oj" = (t^)(SE) 
System SE + >/2 Eb/ra 
LSD 02 = (tb)(SE) 
Crop X system SE® = V2[(b-l)Ec + Ea]/rb 
LSD = (t)(SE), where t = [(b-l)EctQ+EatJ/[(b-l)Ec+Ea3 
Crop X system SE^ = V2[(a-l)Ec + Eb]/ra 
LSD oj; = (t)(SE), 
where t = [(a-lXEot^ + Ebt^]/[(a-l)Ec + Eb] 
^r = number of reps; a = number of crops 1 b = number of 
systems; Ea = "error a" mean square; Eb = "error b" mean 
square; Ec = "error c" mean square ; t* = t value at Ea df at 
the .05 probability level; t^ = t value at Eb df at the .05 
probability; t = t value at Ec df at the .05 probability 
level. 
^LSD would be similar to LSD excepting t values at 
the .01 probability level. 
°Used to test two different system means of the same 
crop. 
^Used to test interaction means other than those of 
footnote c. 
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Table 14. A general AOV table of a combined analysis over 2 
years (1975 and 1976) 
Source df 
Years 1 
Reps 2 
Crops 9 
Year x crop 9 
Reps within years 4 
„ (combination of rep % crop and 
iirror a yggj, % rep X crop) 36 
Systems 2 
Year x system 2 
"Error Tjt.( combination of rep x system and 
year x rep x system) 8 
Crop X system 18 
Year x crop x system 18 
"Error e" (combination of rep x crop x system 
and year x rep x crop x system) 70 
Corrected total 179 
General 
Missing plot values for nutritive composition and energy 
were calculated for rep 1 of SP in 1974 using the equation 
presented by Steele and Torrie (83, p. 241). Nutrition compo­
sition and energy values from rep 2 of GS in 1975 were used 
as the missing plot data for reps 1 and 3. Where missing 
plot values vrere used in sn AOV, one df subtracted from 
the error df for every calculated plot value used. Sunflowers 
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following oats in 1975 produced no plants, thus yields were 
considered to be zero; but for nutritive and energy value 
analysis the three reps of SF following oats were deleted 
from the analyses. 
All values presented in the tables and figures of the 
text are averages over three reps unless specified othezvise. 
Values of main crop DM yield, if composed of separated 
grain or root and residue, are totals of those parts. Per­
centage IVDMD and CP of the main crops, composed of two or 
more parts, as a whole were derived from percentage IVDMD and 
CP values of the parts multiplied by the MM yield of the parts 
and then totaled and divided by total DM yield. 
Values of total DM or nutrient yields of first and main 
crops were obtained by adding an average value (thus a con­
stant) of the first crop to each of the main crops of that 
system. 
Student "t" tests (83) were used to evaluate first crop 
nutritive composition and combustible energy data. 
All analyses were conducted using the Statistical Analy­
sis System (SAS) package of the ISU Computational Services, 
excepting for SE, ISD, and regression and correlation analyses 
which were performed on a desk computer. 
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RESULTS AND DISCUSSION 
Dry Matter Yields 
First crop 
Dry matter yields of rye and oats harvested for forage in 
1974, 1975f and 1976 are presented in Figure 1. Also presented 
in Figure 1 are 1976-1976 averages and 1974 yields of rye and 
oats averaged over harvests. Oats yielded significantly 
(P < 0.01) more forage (5*73 mt/ha) than rye (1.45 mt/ha) in 
1974 but not in either 1975 or 1976. Yields of oats were high­
er in the latter two years and the two-year average showed a 
significantly (P < 0.05) greater yield for oats (5*46 mt/ha) 
than for rye (4.65 mt/ha). 
The low yield of rye in 1974 can be attributed to lack of 
vernalization as rye was planted as a spring crop and remained 
vegetative until harvest. Longer days, warmer temperatures, 
and harvest at a later stage of growth accounted for the 
greater yields of forage from late harvested versus early 
harvested rye and oats in 1974. These reasons also explain 
the generally greater yield of oats than rye. Oats performed 
poorly in 1975» Approximately a month's delay in planting in 
the spring resulted because of excessive rains. This late 
date of planting limited tillering of oats and hastened 
maturity causing the lower yield. Wiggans and Frey (104) 
showed similar decreases in oat yield with late planting. 
Yields of these small grain forages differed somewhat from 
Figure 1. Dry matter yields (mt/ha) of first crop yields for 1974, 1975i 1976, 
and the average yields of 1975-197# and 1974 averages of early and 
late harvests 
Rye 
Qloats 
E Early harvested 
L late harvested 
1975-1976 _1974 
X X over 
harvests 
61 
from results reported in the literature. Wedin (101) reported 
a two-year average yield of 1.1 T/A (2.5 mt/ha) for spring-
sown, winter rye. This is approximately 1 mt/ha more than 
reported here. Fall-sown winter rye harvested in the boot 
stage produced 3*5 T/A ($.6 mt/ha) in Nebraska (28), This was 
comparable to the rye yield ($,8 mt/ha) obtained in 1976 at a 
similar growth stage but higher than the rye yield in 1975» 
Lower yields of rye in 1975 may have been a resultsof late 
fall planting limiting crop establishment; however, N fertil­
ization in the spring stimulated tillering, and therefore 
production should have been adequate. 
Oat yields in Minnesota (86) of 8.2 and 10.2 mt/ha at 
heading and two weeks after heading, respectively, have been 
cited. Yields of 'Clintland' oats in Wisconsin (82) at early 
milk and early dough stages were 694? (7.8) and 7937 lb/A 
(8.9 mt/ha), respectively. These yields are considerably 
higher than those reported in this study at similar growth 
stages. The very early maturing cultivar used in this trial 
compared to the later maturing cultivars used in the other 
states may be responsible for most of the yield differences. 
Yield of oats in Nebraska (28) was similar to those obtained 
in this study. Differences in climatic conditions may also be 
responsible for rye and oat yields varying from those cited 
in the literature. 
62 
Main crop 
Whole crop Dry matter yields for the 10 main crops 
of the various cropping systems for 1974, 1975» and 1976 are 
presented in Tables 15» l6, and 17» respectively. The 1975 
and 1976 experiments were conducted in a similar manner* The 
two-year average DM yields are graphically represented in 
Figure 2. As the 1974 experiment consisted of two double-
DC systems with ryè and oats each, yields were averaged 
for the two rye-DC systems and for the two oat-DC systems. 
This produced data that could be compared to that of 1975 and 
1976. Figure 3 presents the five cropping system DM yields of 
1974 in a three-system design. 
Statistical analysis showed significant differences 
(P < 0,01) for whole crop DM yields among the crops and among 
systems in each of the three years and for the 1975-1976 com­
bined results. A significant CxS interaction also existed for 
all these experiments. The 1975-1976 combined analysis pro­
duced significant interactions with years. 
Overall yields for 1975 and 1976 were similar but greater 
in general than those of 1974. These results were not consis­
tent over systems or crops. The lower yields of 1974 were, 
in part, attributed to early fall frosts and poorer stands. 
Significant differences (P < 0.01) among systems were a 
result of decreasing yields with the later dates of planting. 
Yields over all crops of the SG system were larger than the 
crops in the DC systems in all years. 
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Table 15. Total DM yields (mt/ha) of the 10 main crops of 
five cropping systems, 1974 
System 
Crop SC RE-DC RL-DC OE-DC OL-DC Crop X 
SB 9.95 7.04 3.37 7.76 4.35 6.50 
SF 6.20 0.55 5.21 4.85 5.02 4.36 
S 4.22 4.08 3.23 3.11 1.98 3.32 
GS 8.71 6.55 6.78 7.35 4.64 6.81 
FS 14.96 10.25 10.41 11.88 7.73 11.04 
SS 18.82 14.36 16.19 17.40 11.97 15.75 
PM 10.65 12.47 10.18 13.75 9.04 11.22 
GS 15.44 2.07 10.44 12.28 6.61 9.37 
CG 13.63 4.16 9.42 11.03 4.38 0.52 
TC 12.39 8.89 9.36 10.90 5.30 9.39 
System 
X 11.50 7.04 8.46 10.03 6.11 
Means SE ™.0S ^D.Ol 
Crop 0.75 1.58 2.17 
System 0.45 0.90 1.20 
CxS (comparing two systems 
of one crop) 
CxS (all others; 
1.43 
1.48 
2.84 
2.99 
3.78 
4.00 
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Table 16. Total Ofl yields (mt/ha) of the 10 main crops in 
three cropping systems, 1975 
Svstem 
Crop SC Rye-DC Oat-DC Crop X 
SB 12.75 8.68 5.46 8.96 
SF 7.43 7.42 . 0.00 4.95 
S 5.23 4.59 1.94 3.92 
GS 12.45 9.25 0.93 7.54 
FS 17.79 16.74 4.62 13.05 
SS 17.27 23.51 11.73 17.50 
PM 17.26 17.01 7.65 13.97 
CS 22,81 11.15 7.65 13.87 
CG 19.29 9.74 4.85 11.29 
TC 12.32 13.89 5.18 10.46 
System X 14.46 12.20 5.00 
Means SE 
™.05 ™ o i  
Crop 1.09 2.29 3.14 
System 1.15 3.19 5.29 
CxS (comparing two 
systems of one crop) 
CxS (all others) 
1.67 
1.50 
3.99 
3.10 
6.05 
4.21 
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Table 17• Total yields (mt/ha) of the 10 main crops in 
three cropping systems, 1976 
System 
Crop SC Rye-DC Oat-DC Crop X 
SB 16.18 10.52 8.06 11.59 
SF 1.50 4.78 4.79 3.69 
S 5.17 5.01 3.32 4.50 
GS 15.01 13.29 10.46 12.92 
FS 21.70 19.25 14.08 18.34 
SS 13.87 13.78 15.14 14.26 
PM 13.46 13.37 11.98 12.94 
CS 16.51 13.15 10.94 13.53 
CG 17.90 10.00 9.48 12.46 
TC 9.90 9.66 7,48 9.01 
System 
X 13.12 11.28 9.57 
Means SE 
™.01 
Crop 1.55 3.26 4.46 
System 0.52 1.44 2.39 
CxS (comparing two 
systems of one crop) 
CxS (all others) 
1.09 
1.76 
2.40 
3.67 
3.43 
5.00 
Figure 2. Average DM yields (mt/ha) of 10 maiLn crops of three cropping systems, 
1975-1976 
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Figuirei 3» Dry matter yield (mt/ha) of the 10 main crops of five cropping systems, 
presented as averages of the RE and RL and of the 0£ and OL-DG systems 
into rye-and oat-DC systems, 1974 
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Dry matter yields of crops in the rye-DC system were 
greater than those in the oat-DC system excepting in 1974, As 
rye remained vegetative in 1974 a dense sod persisted following 
harvest. This resulted in poor seedbed preparation and 
therefore problems with planting. Resulting stands were less 
than optimal I especially with CG, OS, and SF. Herbicides were 
not able to completely control some volunteer rye and competi­
tion with the crops resulted. 
Crop yields following oats were low and particularly so 
following oats in 1975* The oat crop was planted late that 
year and thus a later than normal oat harvest occurred, re­
sulting in a July 1 planting of the main crops (see Figure 4), 
Hot, dry conditions prevailed following planting causing poor 
stands. Although a variable trend, stand was a problem with 
crops in all the DC systems. Temperatures were greater and 
rainfall less and more inconsistent with later dates of plant­
ing. The OE-DC system in 1974 unlike the oat-DC systems of 
other years produced whole crop yields similar to those of the 
rye-DC systems of the last two years. Main crops in the OE-
DC system were planted by mid-June and favorable weather con­
ditions following planting helped establish fair stands. 
The C^ species in the experiment produced higher yields, 
in general, than the C^ species. The range in yields was 
large among species. The tall-growing, warm-season annual for­
ages (PS, 5S, Hi) produced among the greatest DM yields of all 
crops. This was true in both the SC, rye-DC, and OE-DC 
- - • —' —~—-— •- — — "I ' —— •-J. .... ^ _ .-.. ™ ^ V . *. ..—- —-. - ^ - _... _ ..._... _ ^ 
A general overall view of the double cropping experiment on JUly 11$ 
1975' Center of photo depicts the lateness of the oat-DC system where 
some small seedlings are emerging jprom the oat-stubble covered soil. 
Planting in the oat^DC system occuirred on July 1. Foreground of the 
photo shows CS (left) and SB (rig^t) in the rye-DC system# In the 
background of the photo are the crops in the SC system. The crops from 
left to ri^t are TC, S8, SP, FS. 5, and CS 
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systems. The hybrid corns (CS, CG) also yielded comparably 
high in the SC system. Grain sorghum was the lowest yielding 
species, being similar in M yield to SB, the highest 
yielding species. Low yields of GS can be attributed to 
its short stature and below average grain yields in this trial. 
Comparatively high yields of SB were a result of the root of 
this crop being harvested and not above-ground DM only as with 
the other crops. 
As the CxS interaction was significant in all cases and 
year differences were prominent, it is of interest to evaluate 
individual crop performance within systems and years. 
Tropical com yields were generally lower than those of 
hybrid com especially in the SC system. This was a result of 
several factors. Tropical com was very late in maturity and, 
although producing large amounts of vegetative DM, ears were 
small and grain yields appeared low. Population of TC was 
lower than the two hybrid coms. This may have resulted in 
lower comparative yields; however, at the population at which 
TC was grown some lodging was evident. With higher popula­
tions harvestable yield may have decreased. Infestations of 
smut occurred with TC and this could also have contributed to 
lower yields compared to the hybrid coms. Unlike the hybrid 
coms, TC did not decrease significantly in yield upon later 
planting in the rye-DC systems in 1975 and 1976. The photo-
period sensitivity of TC was raspensible for the trend as 
equal or taller plants occurred in the fye-DC system as in the 
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se system. Thus, even though TC following rye had an in­
herently shorter growing season, yields were not influenced 
greatly. 
The 1974 yields of TC following the rye crops were lower 
(P < 0.05) than in the SC system because of poor stand estab­
lishment. Yields of TC in 1976 were slightly lower than in 
other years, particularly in the SC and rye-DC systems as 
grain formation was very poor. 
Both CG and CS yields decreased greatly when double 
cropped. Hybrid com is adapted to long growing seasons and 
the several weeks delay in planting limited time for grain 
production, a major portion of the whole crop yield. Less 
than adequate stands were additionally a problem with these 
com hybrids with later plantings. Com for grain yielded gen­
erally less total DM than CS. Com for silage was harvested 
at physiological maturity and therefore DM losses that re­
sulted upon drying of CG in the field did not occur with CS. 
Population was lower with CG than CS which was responsible for 
some of the yield advantage of CS. On a weight per plant 
basis, however, yields of CS and CG differed only slightly. 
Yields of the com hybrids varied over years. Whole crop 
yields were higher in 1975 than in 1976 and particularly than in the 
SC system of 1974• Pollination problems, as a result of below av­
erage summer rainfall, was partly responsible for the lower yields 
in 1976. Poor stands and an early frost limited 197^ yields. 
The tall-growing, warm-season annual grasses, PS, SS, 
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PM, produced among the highest DM yields in all years. Stands 
of these crops were less of a problem in 1974 and not greatly 
affected by later dates of planting in any year as compared to 
most other crops. The tillering capacity of PRî, FS, and SS 
gave these crops the ability to compensate for any initial 
poor stand establishment. These crops are also adapted to 
warm, dry conditions and emergence was not a problem in most 
cases. In general, FS, SS, and FM decreased little if any in 
yield from planting in the rye-DC system as compared to earlier 
planting in the SC system. Since these crops are adapted to 
warm climates early planting in the SC system was not bene-
ficisd as growth was slow in the cooler days after establish­
ment. Time to emergence was also greater with earlier plant­
ing. Only about a week separated planting of FS, SS, and PM 
in the SC and rye-DC systems, thus length of growing season was 
not appreciably different either. These three species were 
also photoperiod-sensitive. Sorghum-sudangrass hybrid par­
ticularly shov/ed this trait in 1975 where yields in the SC 
system (17,27 mt/ha) were considerably lower (P < 0.01) than 
yields of SS in the rye-DC system (23.51 mt/ha). Planting in 
the SC system was apparently too early as SS plants were de­
cidedly shorter than those in rye-DC system. 
Yields of SS, FS, and PM were variable among years. 
The yields in 1974 were generally lower for all three crops 
than in other years. Less than optimal stands and early frost 
were largely responsible for this. Sorghum-sudangrass hybrid 
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produced considerably lower yields in 1976 than the first two 
years. A different hybrid was used in 1976 as seed of the 
hybrid used the previous yesirs was not available. The SS used 
in 1976 was obviously inferior showing a decidedly shorter 
stature in the field. 
Yields in previous trials in Iowa with these crops were 
somewhat greater than in this study. Forage sorghum and SS 
planted on May 24, June 10, and July 2 produced average yields 
of approximately 7.4 (16.6), 8.4(18.8), and 6.4 T/A (14.3 mt/ha), 
respectively (76). Tas (88) obtained maximum yields of 20.5# 
19.3» and 16.9 mt/ha with PM planted on June 3, I7, and July 9, 
respectively. The lower yields of PS, PM, and SS in the cur­
rent study may have been a result of cultivar differences, 
cultural practices, or less favorable climatic conditions. 
Grain sor^um yield decreased consistently with late 
plantings. Yields in 1974 were lower than those of other 
years. Early frost, in particular, and com leaf aphid prob­
lems reduced grain yields considerably. These lower grain 
yields and suboptimal stands caused the low whole crop yields. 
Sizeable decreases in SB yields occurred with plantings in 
DC systems. Like CG and CS, SB were planted early and as SB 
tolerate early cool conditions, the longer growing season of 
SB in the SC system resulted in appreciably greater yields than 
in other systems. Yields of SB increased in each successive 
year of the study. No major ex3)lanations for these increases 
can be given. 
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Stand establishment with SF was erratic. Little or no 
stand was present in the RE-DC system in 1974 and the oat-DC 
system in 1975* When stands were adequate, SP yields did not 
decrease significantly (P > 0.05) with later dates of plant­
ing. The SF cultivar used in the trial was a day-neutral type 
from Minnesota which made it a relatively short season crop 
under Iowa conditions. Sunflowers were thus able to mature 
regardless of the planting date. The low yield (1.50 mt/ha) of 
SF in the SC system in 1976 was a result of hail damage. 
Yields of SF varied among years but lack of stand consistency 
limits any inferences in relation to these differences. 
Whole crop DM yields of S varied little among years. 
Differences were present across systems with a large decrease 
in yield when planted in the oat-DC systems. Poor stands and 
a short growing season were responsible. Initial stand was in 
some cases poorer for S in the rye-DC systems compared to those 
in the SC system; however, the branching ability of S allowed 
plants to compensate for this. Yields did not vary much 
among the SC and rye-DC systems as planting dates differed 
by two weeks or less. 
Grain and root Dry matter and marketable yields of 
CG, GS, SF, and S grain and SB roots for 1974, 1975» and 1976 
for the various cropping systems are given in Tables 18, 19, 
and 20, respectively. Figures 5 and 6 graphically present two-
year (1975-1976) average yield data of the grains and root and 
the 1974 yields of these in a three-system design, respectively. 
Table 18. Dry matter in mt/ha and marketable yields^ of CG, GS, SP, S grain, 
and SB roots for five cropping systems, 1974 
System 
Crop SC RE-DC RL-DC OE-DC Oil—DC 
Crop 
X 
CG 6.78 (127.8) 1.24 (23.4) 3.28 (61.9) 3.92 (73.9) 0.33 (6.2 3.11 
GS 1.27 (24.0) 0.90 (17.0) 0.38 (7.2) 0.52 (9.8) 0.00 (0.0) 0.61 
S 2.13 (36.4) 1.98 (33.8) 1.43 (24.4) 1.38 (23.6) 0.53 (9.1) 1.49 
SP 0.34 (333.3) 0.17 (166.6) 1.33 (1303.8) 1.22 (1195.9) 1.04 (1019.5) 0.82 
SB 5.91 (12.0) 3.30 (7.0) 1.68 (3.7) 3.73 (7.9) 1.66 (4.0) 3.26 
System 
X 3.29 1.52 1.62 2.15 0.71 
^Marketable yields in parentheses for CG, S, and GS are given in bu/A at 15*5» 
13, and 14^ moisture, respectively. These yields for SB are in T/A of fresh weight. 
The yields for SP are given in lb/A at 9?^ moisture. 
78 
Table 19* Dry matter yields in mt/ha and marketable yields 
of S, SP, CG, GS grain and SB roots for three 
cropping systems, 1975 
Systems 
Crop SC Rye-DC Oat-DC Crop X 
CG 10.41 (196.2) 4.91 (92.6) 2.21 (41.7) 5.84 
GS 5.21 (98.3) 4.20 (79.2) 0.15 (2.9) 3.19 
S 2.60 (44.4) 2.38 (40.7) 0.94 (15.5) 1.97 
SP 1.71 (1676.3) 1.47 (1441.0) 0.00 (0.0) 1.06 
SB 7.72 (15.2) 5.33 (9.9) 2.10 (4.7) 5.05 
System 
X 5.53 3.67 1.07 
"Marlcetable yields in parentheses for CG, S, and GS are 
given in bu/A at 15.5, 13, and 14^ moisture, respectively. 
These yields for SB are in T/A of fresh weight. The yields 
for SP are given in lb/A at 9^ moisture. 
Trends over years for the grain and root yields are 
similar to those of the whole crop yields. In 1974, yields, 
particularly in the SO and the two rye-DC systems, were lower 
than those for 1975 and 1976. Variable stands were the major 
problem in 1974. The later two years were similar excepting 
yields of grain and root in 1976 in the oat-DC system were 
considerably higher than in 1975 because of better stands and 
slightly earlier planting. 
Figures 5 and 6 show the obvious decrease in overall 
grain and root yields with later plantings in each year, 
althou^ the results in 1974 (see Table 18) were highly 
Table 20. Dry matter yields in mt/ha and marketable yields^ of CG, GS, SF, 3 
grain and SB roots for three cropping systems, 1976 
System 
Crop sc Rye-DC Oat-DC Crop X 
SB 8.36 (13.9) 5.84 (9.7) 4.14 (7.8) 6.11 
SF 0.17 (166.6) 1.31 (1284.2) 0.72 (705.8) 0.73 
S 2.27 (38.8) 2.23 (38.1) 1.39 (23.8) 1.96 
GS 6.97 (131.3) 5.55 (104.7) 5.43 (102.4) 5.98 
CG 9.28 (175.0) 5.10 (96.1) 4.57 (86.2) 6.32 
System 
X 5.41 4.01 3.25 
^Marketable yields in parentheses for CG, S, and GS are given in biy'A at 
15*5» 13» and Ikfo moisture, respectively. These yields for SB are in T/A of ftesh 
weièïvt. The yields for SF are given in lb/A at 955 moisture. 
Figui'e 5» Average EM yields (mt/ha) of SF, S, GS, and CG grain and SB roots for 
three cropping systems, 1975-1976 
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Figure 6. Dry matter yields (mt/ha) of SP, S„ GS, and CG grain and SB root of five 
cropping systems presented as averages of the RE and RL and OE and OL 
systems as rye-and oat-DC systems, 1974 
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variable as a result of stand differences. Relative decreases 
in yield are greater with later plantings, particularly fol­
lowing oats, compared to whole crop yield decreases. This is 
a result of lower harvest indices (ratio of grain or root 
yield to total harvested yield). Harvest indices of the vari­
ous crops and systems for the three years can be found in 
Tables 21, 22, and 23. The lower harvest indices with latest 
plantings can be attributed to less time available for repro­
ductive or root growth following establishment of the major 
portion of the vegetative stage. 
Com produced the highest yields of grain over systems in 
all years. Root DM yields of SB were equally high. These 
two crops also had high harvest indices (ça. O.50). Yields 
were progressively lower with GS, S, and SF grains, respec­
tively. Sunflower harvest indices were the lowest of all 
grain crops (< O.3O). 
Grain and root crop yields were variable with years and 
cropping systems and compared to whole crop yield. These 
differences are noted in the following discussion. 
Corn grain yields were highest in 1975 as was the whole 
crop yields. More rainfall than in 1976 and better stands than 
in 1974 were responsible for the yield advantage in 1975* De­
crease in yields with later plantings were like those of whole 
crop yield although increasingly lower in the oat-DC system 
because of the aforementioned lower harvest index# Three-year 
yield averages of com grain in the SC system (I66 bv^/A) were 
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Table 21. Harvest indices for CG, GS, S, SF, and SB of five 
cropping systems, 1974a 
Crop 
System 
SC RE-DC RL-DC QE-DC oil—DC 
CG .50 .30 .35 .36 o
 
CO
 
GS .15 .06 .06 .07 .00 
S .50 .49 .44 .44 .27 
SF .05 .31 .26 .25 .21 
SB .59 .49 .50 
00 
.38 
^Harvest indices were calculated by dividing grain 
(root) yield by total yield. 
Table 22. Harvest indices of CG, GS, S, SF, and SB for three 
cropping systems, 1975^ 
System 
Crop SC Rye—DC Oat-DC 
CG .54 .50 .46 
GS .42 .45 .16 
S .50 .52 .48 
SF .23 .20 .00 
SB .61 .61 .38 
harvest indices were calculated by dividing grain (root) 
yield by total yield. 
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Table 23. Harvest indices of CG, GS, S, SF, and SB of three 
cropping systems, I976& 
System 
Crop SO Rye-DC Oat-DC 
CG .52 .51 ,48 
GS .46 .42 .52 
S .44 .45 ,42 
SF ,11 .27 .15 
SB .52 .56 .51 
harvest indices were calculated "by dividing grain (root) 
yield by total yield. 
greater than the three-year average yields (137 bu/A) reported 
in central Iowa com yield tests (42). Climatic variables* 
especially moisture differences in the area, and hybrid dif­
ferences were responsible for some of the difference. Har­
vest indices for com, particularly in 1975 and 1976, were 
similar to those reported in the literature for various dates 
of planting (13). 
Grain sorghum grain yields were particularly low in 
1974, especially, too, in proportion to whole crop yields (see 
Table 21 ). This was a result of early frost, poor stand and 
com leaf aphid damage. Yields from variety trials at Ames, 
Iowa, althou^ not as low, also were lower than normal because 
of early frost (40). Average grain yields of GS for 1975-1976 
(114.9 bu/A) were less than the performance (I32 bu/A) of the 
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hybrid in the yield trials at Ames for the two years (40). 
Yield of GS grain decreased with later plantings but was 
appreciably different over yeaurs, particularly in the oat-DC 
systems. No measureable grain yield was produced following OL 
in 1974. Late planting and early frost was the cause. Only 
2.9 bu/A of grain was produced in 1975 as a result of no stands 
in two of the three reps. Dry conditions following late 
planting apparently prohibited emergence. Yields (102.4 bu/A) 
in 1976 were very good and similar to those in the rye-DC 
system (104.7 bu/A). As a result of the more characteristic 
yields of GS in 1975 and 1976 values reported for harvest 
indices in the literature (95) are similar for these years but 
greater than those of 1974. 
Sunflower seed yield trends among years and with various 
planting dates differed greatly from whole crop yields. Dif­
ferences among harvest indices were related to these erratic 
responses. Although whole crop yields varied little with 
various planting dates where stands were adequate, seed yields 
were generally greatest with the rye-DC and OE-DC systems. 
The low seed yields of SF in the SC system in 1974 and 1976 
were a result of heavy infestations in both years of sunflower 
head moth and hail damage in 1976. Insects were not a major 
problem with later plantings. Low yields following oats in 
1975 were attributed to little or no stand. Where stands were 
adsîjustê (1974 «nd 1976/ s lower harvcst index resulted m 
comparatively lower yields following oats than was the case 
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with whole crop yields. Although plants matured at these 
late plantings, seed fill was decreased as a result of low 
moisture, cooler fall temperatures, and less total sunli^t 
available. Studies in Minnesota (73) quoted four-year average 
yields of 1355 11&/A. for the same variety at normal planting 
dates. This is similar to the yields obtained here when stands 
were adequate and insect damage did not occur. Robinson (72) 
showed somewhat larger decreases in yields with later dates of 
planting than found here. The fact that SF may not have 
matured in Minnesota before frost could have accounted for 
these differences. 
Soybean grain yields were similar over years and over 
systems as with the whole crop yields. The 1974 yields were 
lower than the latter two years. Grain yields were similar 
for the SC and rye-DC systems with yields in the oat-DC 
systems being lower than from the earlier plantings. Three-
year averages for S in the SC system in this trial showed 
yields of 39*9 bi/A compared to the 46.6 bu/A average for the 
same cultivar in central Iowa performance tests (41), Harvest 
indices in all years were similar to those reported by Hanway 
and Thompson (33). 
Sugarbeet root yields increased with each year the study 
was conducted and decreased consistently with later dates of 
planting. This response was similar to the whole crop yield 
response. Root yields in none of the thrêê yaa« attained 
average yields reported in Michigan (56) in 1975 (ça. 20 T/A 
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fresh weigjit). The three-year yield average of 13» 7 T/A 
fresh weight recorded for SB roots in the SC system of the 
trial, however, fell within the 6.4 to 30.1 T/A range reported 
in the various Michigan trials. 
Residue Dry matter yields of CG, GS, S, SF, and SB 
residues from the various cropping systems for 1974, 1975» and 
1976 are listed in Tables 24, 25. and 26, respectively. A 
graphic presentation of 1975-1976 average yields and 1974 
yields in a three-system design of these five residues appear 
in Figures 7 and 8, respectively. 
Yields of crop residues varied less from year to year than 
with whole crop yields. Yields of residues in 197^ were 
slightly lower over all than those in 1975 and 1976 which were 
similar. This, however, was not true for the oat-DC system in 
1974 where residue yields were greater than in Uie last two 
years. These trends can be attributed to stand differences, 
as earlier plantings had comparatively poorer stand in 1974 
than either 1975 or 1976. Stands were better for the oat-DC 
systems, particularly the OE-DC system, in 1974 than the other 
years. 
Residue yields decreased progressively with later dates 
of planting as a result of a short growing season with less 
than favorable growing conditions. In 1974, the poor stands in 
the rye-DC systems resulted in these yields not being greater 
than thcss cf the cat=DC systems. The decrease in yields with 
later plantings was not as great as with grain (root) or whole 
90 
Table 24. Residue DM yields (mt/ha) of CG, GS, S, SF, and SB 
for five cropping systems, 197^ 
System Crop 
X Crop SC RE-DC RL-DC OE-DC OL-DC 
CG stover 5.31 2.29 4.97 5.77 3.52 4.37 
CG cob 1.55 0.62 1.17 1.33 0.53 1.04 
GS stover 5.79 4.90 5.15 5.42 3.37 4.93 
GS panicle 1.15 1.24 1.25 1.42 1.27 1. 27 
S stover 2.09 2.10 1.80 1.73 1.45 1.83 
SF stover 5.86 0.38 3.88 3.63 3.98 3.55 
SB tops 4.05 3.74 1.69 4.03 2.73 3.25 
System X 3.68 2.18 2.84 3.33 2.41 
crop yield. This can be explained by the change in harvest 
index. 
Grain sorghum, and similarly CG, produced the greatest 
DM residue yields. Yields of S residue were lowest. Tops of 
SB and SF stover showed variable yields between the levels of 
production of S stover and that of CG and GS residues. 
Residue yields of CG showed the same trends over years 
and systems as the general trends of residues overall. Aver­
age yields of CG residues in the SC system for 1975-1976 
(8.76 mt/ha) are higher than those (6.12 mt/ha) reported by 
Perry and Olson (68). This response is related, in part, 
to the high harvest index that they obtained. 
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Table 25. Residue DM yields (mt/ha) of CG, GS, S, SF, and SB 
of three cropping systems, 1975 
Crop 
System Crop 
X SC Rye-DC Oat-DC 
CG stover 6.84 3.94 2.06 4.28 
CG cob 2.04 0.88 0.58 1.17 
GS stover 5.28 3.64 0.51 3.14 
GS panicle 1.96 1.41 0.28 1.22 
S stover 2.63 2.20 1.00 1.94 
SF stover 5.72 5.95 0.00 3.89 
SB tops 5.03 3.35 3.36 3.91 
System X 4.21 3.05 1.11 
Table 26. Residue DM yields (mt/ha) of CG, GS, SF, S, and SB 
of three cropping systems, 1976 
Crop 
System Crop 
X SC Rye-DC Oat-DC 
CG stover 6.83 3.79 3.72 4.78 
CG cob 1.80 1.12 1.19 1.37 
GS stover 6.53 6.18 3.30 5.34 
GS panicle 1.51 1.56 1.54 1.54 
S stover 2.90 2.77 1.93 2.53 
SF stover 1.34 3.47 4.08 2.96 
SB tops 7.83 4.61 3.92 5.45 
System X 4.10 3.36 2.81 
Figure 7. Average DM yield (mt/ha) of SB, 8F, S. GS, and CG residues of three 
cropping systems, 1975-1976 
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Figure 8. Dry matter yields (mt/ha) of SB, SF, S, GS, and CG residues for five 
cropping systems presented as averages of the RE and RL and of the OE 
and OL-DC systems into rye-and oat-DC systems, 1974 
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Tops of SB followed much the same yield trends as those 
of CG over years and systems. The noteable exception was that 
S3 top yields did not decrease as greatly from the rye-DC to 
the oat-DC system, if at all. 
Soybean stover yields varied little from year to year 
although yields in I976 were slightly higher than the first two 
years. Yields decreased very little with plantings following 
rye but stover yields were noticeably lower when planting 
followed oat harvest. This was similar to the trends of the 
grain and whole crop yields of S. 
Yields of SF stover were variable over years and systems. 
Poor emergence was responsible for the low yields in the RE-DC 
system in 197^ and the oat-DC system in 1975* Hail damage re­
sulted in lower yields in the SC system in 1976. Where stand 
was not a problem, SF stover yields varied little over systems. 
The short season nature of this crop in addition to its drought 
tolerance permitted SF to perform consistently over various 
planting dates. The higher yields of SF stover in the SC and 
rye-DC systems in 1975 were a result of better stands in 1975 
than in 1974 and 1976. 
Residue yields of GS were similar in 1974 and 1976 over 
systems. Lower yields in 1975 were a result of poor stands in 
the oat-DC system. Yields among systems in different years 
were highly vsuriable. It would appear that the residue yields 
decreased little with planting in the rye-DC systems but con­
siderably with plantings following oat harvests. Martin and 
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Wedin (51) cited average yields (4.90 mt/ha) of grain sorghum 
stover in western Iowa at a similar harvest stage that were 
less than the three-year average of stover yield in the SC 
system (5»85 mt/ha). Their reported yields were similar, 
however, to the average yields of stover (4.97 mt/ha) produced 
following rye. Lower yields reported "by Martin and Wedin 
compared to yields from the SC system could be a result of 
cultivar and climatic differences. 
First and main crop total 
Total DM yields of first and main crops of the DC systems 
and of the main crop of the SC system for 1974, 1975» and 1976 
are presented in Tables 27* 28» and 29» respectively. Two-year 
(1975-1976) average total yields and total yields of crops in 
1974 as a three-system design are represented, respectively, 
in figures 9 and 10. 
Considering total biomass production, overall crop yields 
were lower for the SC system compared to any one or more of the 
DC systems in each year. The OE-DC system yielded signifi­
cantly (P < 0.01) more total biomass and the OL-DC system 
slightly but not significantly (P > O.05) more than the SC 
system in 1974. The relatively hi^ oat forage yields were 
large enough to overcome the lower main crop yields that 
existed in these oat-DC systems. Although the OL forage yields 
were prêâtêr than the OE yields, the main crop yields following 
OL were decidedly inferior to those of the OE-DC system (see 
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Table 2?. Total dry matter yields (mt/ha) of five cropping 
systems for all crops or crop combinations, 1974 
System 
Crop SC RE-DC RL-DC OE-DC OL-DC Crop X 
SB 9.35 8.12 5.18 12.45 11.15 9.25 
SF 6.20 1.63 7.02 9.54 11.78 7.23 
S 4.22 5.17 5.04 7.80 8.74 6.19 
GS 8.71 7.63 8.59 12.05 11.40 9.68 
PS 14.96 11.33 12.22 16.58 14.49 13.92 
SS 18.82 15.44 18.00 22.10 18.73 18.62 
m 10.65 13.56 11.99 18.44 15.80 14.09 
es 15.44 3.16 12.25 16.97 13.38 12.24 
CG 13.63 5.24 11.23 15.72 11.14 11.39 
TC 12.39 9.97 11.17 15.60 12.06 12.35 
System 
X 11.50 8.13 10.27 14.72 12.87 
Mean SE t8D.05 tSD.oi 
Crop 0.75 1.58 2.17 
Systen O.kc 0.90 1.20 
GxS (comparing two systems 
of one crop) 
CxS (all others) 
1.43 
1.48 
2.84 
2.99 
3.78 
4.00 
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Table 28. Total dry matter yields (mt/ha) of the three crop­
ping systems for all crops or crop combinations, 
1975 
System 
Crop SC Rye-DC Oat-DC Crop X 
SB 12.75 12.18 8.98 11.30 
SF 7.43 10.92 3.52 7.29 
S 5.23 8.08 5.46 6.26 
GS 12.45 12.75 4.45 9.88 
FS 17.79 20.23 8.14 15.39 
SS 17.27 27.00 15.25 19.84 
PM 17.26 20.50 11.16 16.31 
CS 22.81 14.64 11.17 16.21 
CG 19.29 13.23 8.36 13.63 
TC 12.32 17.38 8.70 12.80 
System X 14.46 15.69 8.52 
Mean SE 
™.05 ™.01 
Crop 1.09 2.29 3.14 
System 1.15 3.19 5.29 
CxS (comparing two systems 
of one crop) 
CxS (all others) 
1.67 
1.50 
3.99 
3.10 
6.05 
4.21 
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Table 29. Total dry matter yields (mt/ha) of three cropping 
systems for all crops or crop combinations, 1976 
System 
Crop SC Rye-DC Oat-DC Crop X 
SB 16.18 16.32 15.47 15.99 
SF 1.51 10.58 12.20 8.10 
S 5.17 10.81 10.73 8.90 
GS 15.01 19.09 17.87 17.32 
PS 21.70 25.06 21.49 22.75 
ss 13.87 19.58 22.55 18.67 
PM 13.47 19.17 19.39 17.34 
cs 16.51 18.95 18.35 17.94 
CG 17.90 15.30 16.89 16# v6 
TO 9.90 15.47 14.89 10.62 
System X 13.12 17.08 16.98 
Wean L SE 
™.05 °^.01 
Crop 1.55 3.26 4.46 
System 0.52 1.44 2.39 
CxS (comparing two systems 
of one crop) 
CxS (all others) 
1.09 
1.76 
2.40 
3.67 
3.43 
5.00 
Figuire! 9. Average total DM yield (mt/ha) of the 10 main crops of the SC 
system and of the first and main crops of the rye-and oat-DC systems, 
1975-1976 
System 
SB SF GS PS SS 
Ci.'op 
• se 
E3 Rye-DO 
B Oat-DC 
PM es 
îigvjirei 10. Total DM yield (mt/ha) of main crop of the SC system and of the first 
and main crop of the four DC systems presented as averages of the RE 
and RL and of the OE and OL-DC systems into rye-and oat-DC systems, 
1974 
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Table 15). This resulted in the superior overall yields for 
the OE-DC system. The total biomass yields in the rye-DC 
systems in 1974 were inferior (P < 0.05) to other cropping 
systems. This was a result of both rye remaining vegetative 
and producing small yields (see Figure 1), and poor stands of 
the main crops following the rye. 
Results were different in 1975 so total biomass yields 
were slightly greater for the rye-DC system than the SC system 
although not significantly (P > 0.05) so. Both systems, how­
ever, were significantly greater (P < 0.01) yielding than the 
oat-DC system. The late planting and resultant late harvest 
of oats and the delayed planting of the main crops produced 
relatively low yields of both oat and main crops. 
Yields of biomass in 1976 were different from those of 
both 1974 and 1975» Both the rye- and oat-DC systems produced 
similar yields and significantly (P < 0.01) more yield than 
crops of the SC system. Good forage production by the first 
crops, particularly by oats, permitted these small grains to 
overcome any disadvantage of later plantings of the main crops. 
The two-year yield averages (1975-1976) showed the rye-
DC system to be superior to the other systems. The consistent­
ly good performance of this system in both years compared to 
the low production of the SC system in both years and the very 
low yields of the oat-DC system in 1975 resulted in the rye-DC 
system being superior. 
Not all crops performed similar to the trends noted 
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above over systems. The hybrid com (OS, CG) and SB in the SC 
system produced, in general, yields similar to or greater than 
total yields of the small grain and these crops in the DC 
systems. All other crops showed greater total yields when com­
bined with OE in 1974, rye in 1975» and rye and oats in 1976 
than when grown alone in the SC system. Forage sor^um and 
SS, in general, produced the greatest total biomass of any crop 
or crop combinations in the aforementioned DC systems of the 
three years. Not greatly inferior, however, were the yields 
of CS and CG and, in most cases, PS and SS in the SC system. 
The fact that PS and SS in the above mentioned DC systems 
produced the greatest total biomass in combination with the 
small grains can be attributed to several factors. The crop 
combinations were able to utilize more total sunlight during 
the year because of the inherently longer time span in which 
both crops grew compared to single crops. Because PS and SS 
were drought tolerant and emerged well following later plantings 
this also aided yields. Planting dates, particularly follow­
ing rye, for PS and SS were not much later than normal planting 
dates, so total yields were inflated by the added forage yields 
from the small grains. Yields of CS and CG in the SC system 
were relatively good because these crops utilize a long growing 
season and have been well adapted to the cropping methods used 
in these trials. Other crops such as SB and SP were planted 
relatively early in the SC system also, but both preduCêd 
inherently lower DM yields as a result of being C^ species. 
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Crop Nutritive Composition 
First crop 
1974 To assess at least in part the nutritive compo­
sition of the small grain crops, an I VIM) and CP analyses were 
made on fresh and ensiled samples of early and late harvested 
rye and oats (KB, RL, OE, 01). Percentage IVDMD and CP and 
yields of these nutrients for rye and oats are presented in 
Table 30. 
Rye analyzed significantly (P < 0.01) higher in both per­
centage IVIXHD and CP at both harvests compared to oats at the 
two harvests. This resulted from spring planted rye failing 
to mature. Yields of the nutrients were significantly (P < 
0.01) greater for oats than rye, as DM yield influenced IVIWD 
and CP yield. 
Percentage IVDMD and CP of oats and rye declined signifi­
cantly (P < 0.01) with advance to maturity and later date of 
harvest. This has been noted by numerous other authors (26, 
28,86). The yield of IVMJD and CP, however, were higher for 
RL and OL. 
Digestibility of the small grain forage decreased upon 
ensiling, particularly OL. Percentage CP of the forages de­
creased slightly upon ensiling for oats but increased with rye. 
Explanations of these trends of silage will be made with the 
results of the main crop silages. 
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Table 30. Percentage composition and yield of IVDMD and CP 
for fresh and ensiled oats and rye at two growth 
stages, 1974 
Forage % IVDMD 
IVDMD 
yield 
(mt/ha) fo CP 
CP 
yield 
(mt/ha) 
RE fresh 81.85 0.88 13.55 0.15 
RE silage 79.63 0.86 15.67 0.17 
RL fresh 76.76 1.39 12.04 0.22 
RL silage 75.26 1.36 13.37 0.25 
0£ fresh 65.62 3.08 11.18 0.52 
OE silage 63.26 2.97 10.50 0A9 
OL fresh 63.59 4.30 9.70 0.66 
OL silage 53.21 3.60 9.20 0.62 
1975 and 1976 Nutritive composition evaluation was 
based on one harvest each for rye and oats in 1975 and 1976. 
Percentage IVDMD and CP and yields of these nutrients for the 
fresh and ensiled small grains are presented in Table 31. 
In both 1975 and 1976, rye was higher (P < 0.05) in the 
quality indices analyzed than oats. Harvesting of rye at an 
earlier stage of growth and at an earlier calendar date is 
suggested as a factor here. 
Yields of IVMÎD and CP were not significantly (P < 0.05) 
different between the two small grains in either year, al­
though 1975 rye tended to be slightly higher than oats. The 
Table 31. Percentage composition and yield of IVDMD and CP for fresh and ensiled 
oats and rye, 1975 and 1976 
mâ. 
IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
Rye fresh 62.61 12. 50 2.19 0.44 70. 17 9. 40 4.07 0.55 
Rye silage 62.76 12. 50 2.19 0.# 68. 20 10. ,80 3.96 0.63 
Oats fresh 56.92 9. 60 2.00 0.34 58. 30 7. ,40 4.32 0.55 
Oat silage 51.30 9. 20 1.81 0.32 50. 52 7. .60 3.74 0.56 
S 
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reverse was true in 1976. The dominant factor here was IM 
yields which were similar in 1975 but in favor of oats in 1976. 
The IVDMr values obtained for rye and oats were similar 
to those reported by Grabouski and Moline in Nebraska (28). 
In their studies, rye analyzed 62.9# digestible dry matter at 
late-boot and oats ^ 6.4# at early-dough stage. Percentage 
IVMD of rye in 1976 was somewhat higher than in 19751 re­
sulting from an earlier harvest stage and calendar date of 
harvest. 
Values reported in Nebraska (28) for percentage CP, 
however, were opposite to the ones reported here. Values of 
9.78 and 15«15^ were reported for CP for rye at late-boot and 
oats at early-dough stage, respectively. Reasons for these 
differences could have resulted from different times or 
amounts of N fertilization, different environmental conditions, 
or varietal differences. 
Yields of IVDMO for oats and rye in the Nebraska study 
were intermediate in relation to those in this study. Yields 
of CP were much higher for oats than in this study, but similar 
for rye. 
Percentage IVIMD of rye did not decrease significantly 
(P < 0.05) upon ensiling of the fresh forage, but for oats in 
1976 there was a significant (P < 0.01) decrease upon ensiling. 
Crude protein changes upon ensiling were not major. 
Ill 
Main crop 
12Z4 
Whole crop Included in Table 32 are the percent­
ages of IVDMD and CP of the various whole crops of five crop­
ping systems for 1974. 
Significant variation (P < 0.01) existed among crops for 
percentage IVDMD and CP. Sugarbeets, which are high in 
readily digestible sugeurs had the highest digestibility (ap­
proximately 90?S). Our value for digestibility of SB tops 
exceeds by some 30 units the total digestible nutrient (TDN) 
value of tops as cited by the National Academy of Sciences 
(NAS) (58)* This discrepancy may be attributed to the high 
ash content of SB being solubilized in the IVDMD process but 
in vivo this ash is not entirely beneficial. 
Com for silage and S were significantly hi^er (P < 0.01) 
in percentage IVDMD than all other crops excepting SB. These 
crops are composed of a sizeable portion of highly digestible 
grain. Com for silage was significantly (P < 0.01) higher 
in percentage IVDMD (76.11) than CG (67.36) because CG was 
harvested later. Com stover and cobs tend to decrease in 
percentage IVMWD with time beyond maturity as a result of 
respiration and loss of soluble nutrients from weathering. 
Although harvested at similar stages of maturity, particularly 
with the earlier plantings, TC was lower (P < 0.01) in percent­
age IVDMD (67.77) than CS (/o.ll). Lack of grain was the main 
factor here. 
Table 32. Percentage IVDMD and CP for 10 crops of five cropping systems, 1974 
System 
SC RE-DC RL-DC OE -DC OL-•DC Crop X 
Crop IVMUD CP IVDMD CP IVDMD CP IVDMD CP IVDMD CP IVIMD CP 
TC 71.13 6.23 68.80 5.15 65.81 5.97 66.55 6,32 60.54 8.88 67.77 6.51 
CG 71.11 7.83 70.41 8.07 66.41 7.61 66.35 8.11 62.52 9.09 67.36 7.94 
CS 79.06 5.73 80.72 8.30 71.58 7.22 77.00 7.87 71.17 8.27 76.11 7.48 
SS 62.68 5.08 58.61 4.12 56.87 4.17 56.20 3.38 53.38 5.73 57.95 4.60 
PM 67.18 5.67 63.94 4.63 61.84 4.73 59.47 4.65 55.42 5.67 61.57 5.07 
FS 71.33 4.90 66.25 4.87 63.84 5.50 64.18 4.63 65.50 6.03 66.22 5.19 
GS 58.44 7.39 54.85 7.25 49.21 7.96 50.38 7.73 48.67 9.33 52.31 7.93 
S 77.10 18.62 73.51 18.41 76.48 18.10 76.06 18.07 72.67 17.51 75.16 18.14 
SF. 66.19 7.99 65.21* 10.17* 65.69 8.25 69.27 9.63 66.45 8.04 66.84 8.91 
SB 90.11 11.93 89.79 11.75 90.50 12.03 90.33 11.03 89.98 12.38 90.14 11.82 
S^stiîm 
X 71.43 8.04 69.30 8.27 66.82 8.15 67.58 8.19 65.43 9.09 
SE LSD .05 LSD .01 
Mean IVDMD CP IVDMD CP IVDMD CP 
Crop 1.37 0.66 2.89 1.38 3.95 1.90 
System 0.65 0.31 1.29 0.61 1.71 0.82 
CxS (comparing two means of one crop) 2.04 0.97 4.08 1.94 5.40 2.58 
CxS (all crops) 2.28 1.09 4.64 2.22 6.23 2.98 
*These are weighted averages as no yield of SF in rep 1 of the RE-DC system was produced. 
^Tops only. 
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Because of the lower grain yield of GS, the hi^ IVDMD 
of the grain did not greatly influence the digestibility of 
the whole plant. This resulted in lower than expected overall 
digestibility. 
The tall-growing, warm-season annuals (PM, SS, ES) were 
lower (P < 0.01) than CS in percentage IVIMD because of a lack 
of a large highly digestible grain component. Values obtained 
for these crops are similar to those reported by Burns et al. 
(10) for PS, Wedin (102) for SS, and Tas (88) for PM. 
Percentage CP of S (ça. 18^) was significantly higher 
(P < 0.01) than for any other crop. Tops of SB were also higji 
in CP (ca. 12%) compared to all other crops excepting 8. 
Forage sorghum, PM, and SS tended to be the lowest in percent­
age CP among crops with the remaining crops having about the 
same level of CP slightly above that of PM, FS, and SS. The 
low values of these tall-growing, warm-season annual grasses 
may be a result of inadequate N fertilization although values 
in the literature are not appreciably greater (9,102). Also, 
when maximizing DM yield CP percentage decreases. 
Percentage IVOWD and CP varied significantly (P < 0.01) 
among the different cropping systems. Percentage IVDMD de­
creased with later dates of planting, particularly comparing 
the SC system (71.43^) with the OL system (65.43#). These 
trends may be accounted for, to some extent, by some of the 
earlier planted crops having a higher grain to residue ratio. 
Grain being much greater in digestibility would impart a pro­
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portionately higher digestibility to the total. The fact 
that most crops of the later DC systems were harvested after 
several frosts may have lowered digestibility as leaves that 
are typically higji in digestibility could have been lost as a 
result of weathering. These frost effects therefore must have 
countered the fact that immature crops from the later plantings 
would have been expected to be slightly higher in digestibility 
in the vegetative portions. Sugarbeets and SF were the only 
crops not showing the decline in percentage IVMBD with later 
plantings. Tops of SB are all leaves and, after having been 
formed, function essentially the same over a long growing 
period but cease functioning after several hard freezes* which 
they were not subject to before harvest. All SB were harvested 
the same day which would also eliminate any environmental ef­
fects or differences. Sunflowers are short-season plants and 
therefore all harvests were at a similar growth stage for all 
systems, SP having matured prior to frost. The differences of 
these two latter crops over systems compared to the others 
explain, in part, the significant (P < 0.01) CxS interaction. 
Percentage CP was similar for all planting dates excepting 
for forage from the last planting (OlrDC system) which was 
significantly (P < 0,01) higher in percentage CP than the other 
systems. All crops, excepting S, SF, and SB, show this trend 
toward higher percentage CP for the latest planting. Unlike 
digestibility, which was much greater in the grain than rssi= 
dues, percental CP was not appreciably higher in grain as 
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compared to stover, excepting for SF and S. The grain to 
residue ratio in this situation does not greatly favor a higher 
protein with earlier planted crops. With later planted crops 
that were immature at harvest, CP was higher both in the grain 
and residue because of its younger growth stage. Following 
killing frost, also, percentage CP does not decrease as rapidly 
as digestibility (9 ). Therefore, trends of immature forage 
having higher percentage CP would hold. Higher percentage CP 
was also possible since N fertilizer was applied at equal rates 
to all systems. Thus, N would be less limiting on crops of 
latest planting and accumulation could have been greater. 
Grain The percentage IVDMD and CP values of C6, 
GS, SP, and S grains of the various cropping systems for 1974 
are presented in Table 33* Grain of CG and S did not vary 
greatly with cropping systems in percentage IVDMD. Grain 
sorghum declined in percentage IVDMD with later plantings be­
cause immature grain had less starch in the shrunken grains, 
yet probably about the same amount of hard outer grain coat. 
No grain was formed for GS following OL. 
Sunflowers were variable in digestibility, being accounted 
for by the hi^ oil content and irregular particle size of 
hulls in the samples causing variability in the in vitro 
analysis. 
Com grain protein was appreciably higher with com follow­
ing OL oeeause ©f ths hi^isr ratio of gsITS and bran, 1:#=; hi^er 
in protein, to the carbohydrate fraction of the immature kemel. 
Table 33. Percentage IVDMD and CP of CG, GS> S, and {>F grain of five cropping systems, 1974 
System 
SC RE-DC RL-DC OE-DC OL-DC Crop X 
Cropi IVDMD CP IVDMD CP IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
CG 87.51 9.67 87.59 13.57 88.23 12.83 86.31 12.57 85.18 17.50 86.96 13.23 
6S 85.67 9.50 83.50 9.33 75.86 9.87 76.91 9.78 a a 80.49 9,62 
S 95.73 31.72 94.55 31.87 95.82 32.28 95.22 32.95 95.97 34.50 95.46 32.66 
SF 65.36 15.95 60.51^ 16.75^ 61.24 16.37 63.87 17.33 65.07 14.22 63.21 16.12 
System 
X 83.57 16.71 81.54 17.88 80.29 17.84 80.58 18.16 82.07 22.07 
n No harvestable grain was present. 
^These are weighted averages as no yield of SF liti rep 1 of the RE-DC system was produced. 
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Grain sorghum protein percentage did not vary with planting 
date. Soybean grain was slightly higher in CP at the latest 
planting date. Beans were not completely mature at harvest, 
as plants in the OL system were killed by frost before 
maturity. Sunflowers were variable in CP and may be attributed 
to some factor in analysis as mentioned earlier. 
The percentage IVDMD and CP values obtained for CG and S 
are similar to those quoted by the HAS (58) for cattle except 
that S in the present study was about nine percentage points 
lower in CP than quoted figures. Samples of S were re-analyzed 
but values remained low. Reasons for CP being low are not 
known as S are characteristically stable in CP over various 
conditions. Grain sorghum grain protein values were comparable 
to quoted values (58) but digestibility values were low, most 
likely as a result of a lower starch accumulation because of 
early frosts limiting this accumulation. Sunflower seed di­
gestibility in the literature (58) is higher than results here 
but protein levels are similar. 
Residues Crop residue percentage IVDMD and CP 
values for grain crops in the various cropping systems of 1974 
are presented in Table 34. The only consistent trend recog­
nized in the data is that of percentage CP being higher in the 
most immature residues (those of crops following OL) of CG, 
GS, and S. Sunflower plants had reached maturity and were not 
fertilized heavily with N and thus did not differ smong dates 
of planting. 
Table 34. Percentage IVDMD and CP of CG, OS, S, and S'F residues of five cropping systems, 1974 
System 
Crop 
SC RE-DC RL-DC OE-DC OL-DC Crop X 
IVDMD CP IVDMD CP IVDMD CP IVDMD CP ivmm CP IVDMD CP 
CG stover 54. 14 4 .07 63. ,63 5. 87 55, .72 5. 73 56. 27 6. 27 60. 28 8. ,53 58. 13 6.09 
CG cob 56. ,65 4 .27 61. ,12 5. 37 52 .41 3. 50 50. ,19 2. 80 65. ,27 8. 60 57. ,13 4.91 
GS stover 50. 61 6 .15 52. 14 6. 82 46 .91 7. 70 47. 15 7. 33 48. 91 9. 07 49. 14 7.41 
GS panicle 55. 58 10 .70 56. 14 8 .32 51 .07 8. 67 52. 67 8. 58 48, .68 9. 93 52. 83 9.24 
S stover 51. 98 5 .17 53. 61 5 .68 60 .90 6. .701 60. 81 6 .23 64. 18 11. 28 58, ,30 7.01 
SF stover 66 .29 7 .53 67 .42* 6 .96* 67 .35 5 .401 71 .27 6 .98 66. 47 6 .07 67, .76 6.74 
System X 55 .88 6 .32 59 .01 6 .50 55 .73 6 .28 56 .39 6 .37 58 .97 8 .91 
^rhese are weighted averages as no yield of SF in rep 1 of the RE-DC system was produced. 
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Com stover and cobs were on the average about the same in 
digestibility and protein although differences did exist among 
the systems. Digestibility of the cobs and stover were higji-
est following OL because of the immature nature of the biomass 
and perhaps a high accumulation of N# The com residue was 
also high in percentage IVraiD in the RE system. This is at­
tributed to population being low and therefore more soluble 
carbohydrates are present in the stover and cob (105). Grain 
sorghum residues showed a tendency toward a decrease in di­
gestibility with later plantings. These differences compared 
to the com residues may be explained by the effects of frost 
on digestibility of GS as noted by Martin (50). The use of a 
different hybrid at the later planting may also have caused 
this difference. Panicles of GS averaged higher in digesti­
bility and protein compared to the stover which may have been 
a result of immature grain not being completely threshed from 
the panicle. With GS following OL there was no grain formed 
and values of the panicle and stover were similar. Percentage 
CP did not vary greatly for the GS residues with the exception 
of that following OL. 
With later dates of planting, S residue increased in 
percentage CP and IWtUD, This could be attributed to the more 
immature stage of the stover at harvest. Sunflower residue 
quality varied little excepting for percentage IVDMD in the OE 
system. The reason for this hi^ IVDMD value is not known. 
Values of digestibility and CP for com stover 
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are similar to those reported by Vetter (98), Com cob and 
stover digestibilities are higher in this study than reported 
by the MS (58). This likely resulted from the inclusion of 
an N source in the in vitro nutrient solution (see Appendix B). 
The residues low in protein thus would have sufficient N to 
stimulate microbial fermentation. 
Crude protein and IVIMD values obtained in this study for 
GS stover are similar to those reported by Martin in Iowa 
(50). Little, if any, data on SP stover quality is evident. 
Thus, the higher digestibility of SP stover as compared to the 
other crop residues cannot be corroborated by results of other 
research. 
Yield of IVDMD and CP of whole crops The yields 
of digestible nutrients and CP for various crops and 
cropping systems of 197^  are presented in Table 35. 
The yields of digestible nutrients differed significantly 
(P < 0.01) among the various systems. The yields of IVDMD 
ranked in the same order as the yields of DM with the various 
systems, but not in the same order as the percentage IVIMD 
rankings. 
Crops varied significantly (P < 0.01) for yield of I VIM) 
and these yields also ranked in much the same manner as the 
yields of TK for these crops, Sorghum-sudangrass hybrid was 
the greatest yielder oïIVDMD (9.16 mt/ha) followed by PS, CS, 
) 
and PMî This differed from DM yields where they ranked SS, 
PM, PS, OS, The lower percentage IVDMD of PM, compared to PS 
Table 3i5. Total IVDMD and CP yields (mt/ha) of the 10 main crops in five cropping systems, 1974 
System 
SO RE-DC RL-DC OE-DC OL-DC Crop X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
TC 8.70 0.78 6.10 0.48 6.15 0.56 7.18 0.69 3.52 0.47 6.33 0.60 
CG 9.67 0.94 2.92 0.34 6.27 0.74 7.30 0.90 2.75 0.40 5.78 0.66 
CS 12.17 0.90 1.71 0.17 7.58 0.77 9.44 0.96 4.70 0.54 7.12 0.67 
SS 11.79 0.97 8.41 0.61 9.20 0.68 9.76 0.68 6.65 0.68 9.16 0.72 
FM 7.15 0.61 7.86 0.59 6.27 0.48 8.16 0.64 5.04 0.51 6.90 0.57 
FS 10.69 0.74 6.79 0.49 6.60 0.59 7.63 0.53 5.06 0.47 7.35 0.56 
GS 5.10 0.65 3.59 0.47 3.35 0.55 3.70 0.56 2.26 0.43 3.60 0.53 
S 3.24 0.78 3.00 0.75 2.47 0.58 2.36 0.56 1.44 0.34 2.50 0.60 
SF 4.07 0.50 0.37 0.06 3.14 0.40 3.30 0.44 3.24 0.42 2.88 0.36 
SB® 3.65 0.49 3.35 0.43 1.53 0.19 3.65 0.44 2.45 0.35 2.93 0.38 
System 
X 7.62 0.74 4.41 0.44 5.26 0.55 6.25 0.64 3.71 0.46 
SE LSD LSD 01 .05 
Mean IVDMD CP IVDMD CP ivmm CP 
Crop 0.53 0.06 1.10 0.13 1.51 0.18 
System 0.29 0.03 0.58 0.07 0.77 0.09 
CxS (comparing two systems of one crop) 0.92 0.11 1.84 0.22 2.44 0.29 
CxS (all others) 0.98 0.12 1.98 0.23 2.65 0.32 
*Top8 only. 
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and particularly OS, accounted for the change in rankings. 
Crude protein yields differed significantly (P < 0.01) 
among systems but unlike I VIM) yields did not rank in the same 
order as the yield of DM. Higher percentage of CP of the 
immature biomass of the crops following OL countered to some 
extent the low yield of these crops in that system. The yield 
of CP of these crops was still low compared to the SC system 
and systems with good stands (RL, OE). 
Variation among crops for CP yield was significant (P < 
0.01) and these yields varied from the yields of DM and ranked 
differently than the percentage CP values. Although S was the 
poorest yielder of DM, it was the highest in percentage CP, 
which caused S to be fourth in rank for CP yield. 
Pearl millet and PS were very low in percentage CP and 
this resulted in yields of CP being proportionately less com­
pared to other crops. Sorghum-sudangrass hybrid was the 
greatest yielder of CP (.72 mt/ha) on the average, even though 
being low in percentage CP. Corn for grain and CS had hi^er 
percentage CP than PM and PS. Coupled with good yield for C6 
and CS, high yields of CP resulted. 
A significant (P < 0.01) C x S interaction was present 
for both CP and IVDMD yield. This interaction can be 
explained, as were the system and crop averages, by the 
presence of significant interactions for the yield and nutri­
tive composition values of the crops already presented; 
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Yield of IVDMD and CP of grain Yields of IVDMD 
and CP of grain of CG, GS, S, and SP of the various cropping 
systems for 1974 are given in Table JS, With the exception 
of SF, the grain crops yielded the highest amounts of IVDMD 
and CP in the SC system. Where stand was near normal (SC, RL 
OE), com yielded more IVDMD and about the same amount of CP 
as S. Both CG and S far outyielded SF and GS in both CP and 
IVDMD in all instances excepting for the OL system where DM 
grain yields of SF resulted in CP and IVDMD yields greater 
than those of other crops. 
In general, with all the grain crops, the DM yield had a 
greater influence on determining yield of nutrients than the 
percentage composition among systems. Among crops, the per­
centage composition had a large influence. With S, although 
very low in DM yields compared to CG, the extremely high CP 
percentage of S resulted in CG and S having similar protein 
yields. The poorer digestibility of SP compared to other 
crops resulted in lowering of nutrient yields in relation 
to the other crops in most instances. 
Yield of IVDMD and CP of residues Residue yields 
of IVDMD and CP for CG, GS, 8, and SP for the various cropping 
systems for 1974 are listed in Table 37. Com residues 
yielded about equal to or slightly more IVIWID than SF and GS 
residues, excepting in the RE system. In this instance, GS 
residues yielded more than SF and CG because of poor stand ef 
the latter two. The higher digestibility of SF residue 
Table 36. Yields (mt/ha) of IVDMD and CP of grain of CG, CS, S, and SF in five cropping systems, 1974 
System 
SC RE-DC RL-DC OE-DC OL-DC Crop X 
Crop IVDMD CP IVMfl) CP IVDMD CP IVIMD CP IVWffi CP IVDMD CP 
CG 5.93 0.66 1.08 0.17 2.89 0.40 3.40 0.49 0.28 0.06 2.72 0.36 
GS 1.08 0.12 0.33 0.04 0.29 0.04 0.40 0.01 0.00* 0.00* 0.42 0.04 
S 2.04 0.68 1.87 0.63 1.37 0.46 1.31 0.45 0.51 0.18 1.42 0.48 
SF 0.22 0.05 0.10 0.03 0.81 0.22 0.78 0.21 0.68 0.19 0.52 0.14 
System 
X 2.32 0.38 0.85 0.22 1.34 0.28 1.47 0.29 0.37 0.11 
^ro harvestable grain was present. 
Table 37. Yields (mt/ha) of IVDMD and CP of CG, GS, S, and SF residues of five cropping systems, 
1974 
System 
Crop 
SC RE-DC RL-DC OE-DC OL-DC Crop X 
IVDMD CP IVDMD CP IVIMD CP IVDMD CP IVDMD CP IVDMD CP 
CG stover 2.91 0.22 1.46 0.13 2.77 0.28 3.25 0.36 2.12 0.30 2.50 0.26 
CG cob 0.88 0.07 0.38 0.03 0.61 0.04 0.67 0.04 0.35 0.05 0.58 0.05 
GS istovet 2.93 0.36 2.55 0.33 2.42 0.40 2.56 0.40 1.65 0.31 2.42 0.36 
GS panicle 0.64 0.12 0.70 0.10 0.64 0.11 0.75 0.12 0.62 0.13 0.67 0.12 
S stover 1.21 0.11 1.13 0.12 1.10 0.12 1.05 0.11 0.93 0.16 1.08 0.12 
SF stover 3.88 0.44 0.26 0.03 2.61 0.21 2.59 0.25 2.65 0.24 2.40 0.23 
System X 2.08 0.22 1.08 0.12 1.69 0.19 1.81 0.21 1.39 0.20 
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resulted in the good yields of IVEMD as compared to CG and GS. 
Soybean residues ranked the poorest, in general, in digesti­
bility and CP yield. Quality and DM yields of residue were 
both low. 
Grain sorghum stover consistently yielded more CP than 
the other crop residues, mainly because of a higher percentage 
CP. 
Silage Nutritive composition of silages from 
the various crops and residues of the five cropping systems 
in 1974 are presented in Table 38, Silages of SB and SF were 
residue silages, the others are whole crop silage. 
Silage IVDMD was significantly (P < 0.01) higher with the 
crops following RE compared to all other systêxûB. All other 
systems were similar. This trend is not the same as for the 
IvaWD of the nonensiled material, where IVDMD decreased with 
later dates of planting (see Table 32). It appears that de­
creases as a result of ensiling were greatest with crops from 
the SC system. There was a smaller decrease with progressively 
later dates of planting. This relationship could have been a 
result of losses through lyophilization (99) of the more 
soluble nutrients present in the crops of the SC system. This 
was reflected by the higher IVDMD of the fresh material than 
in other systems (see Table 32). The decrease in percentage 
IVDMD upon ensiling may not have been totally a result of loss 
of nutrients, but in actuality an artifact created by the in 
vitro procedure itself. El Hag (22) has shown that in the 48-
Table 38. Percentage IVDMD and CP of silages of various crops from five cropping systems, 1974 
System 
SC RE-DC RL-DC OE-DC OL-DC Crop X 
Crop IVDMD CP IVDMD CP IVMiD CP IVDMD CP IVDMD CP IVIMD CP 
TC 58.65 6.02 60.81 5.52 62.84 6.70 61.77 6.02 59.98 9.24 60.81 6.70 
CS 66.60 4.80 71.54 6.73 63.96 5.83 67.35 6.37 66.76 7.70 67.24 6.29 
SS 51.80 4.63 53.01 4.17 49.71 3.92 47.96 3.80 52.38 5.63 51.37 4.43 
PM 57.55 5.42 60.56 5.40 57.87 5.58 56.93 5.00 54.56 5.88 57.49 5.46 
FS 57.17 5.13 61.36, 4.77. 56.42 5.30 56.99 4.97 61.00 6.03 58.59 5.24 
SF s tourer 55.23 6.18 58.53 5.94 54.14 3.85 56.70 4.82 52.13 5.50 55.37 5.30 
SB tiops 83.42 14.30 84.32 12.37 84.49 15.77 83.58 14.03 83.38 16.82 83.84 14.66 
System X 61.49 6.64 64.30 6.41 61.35 6.71 61.90 6.43 61.45 8.11 
SE LSD .05 LSD .01 
Mean IVDMD CP IVDMD CP ivmm CP 
Crop 1.33 0.55 2.89 1.19 4.06 1.67 
System 0.92 0.32 1.84 0.64 2.45 0.85 
CxS (comparing two systems of one crop) 2.43 0.84 NS 1.69 NS NS 
CxS (all others) 2.55 0.93 NS 1.92 NS NS 
*There are wei^ted averages as no yield of SF iti rep 1 of the RE-DC system was produced. 
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hour first stage of the in vitro technique as used in this 
study lower values resulted for silage as compared to non-
ensiled material. With longer fermentation periods (72 hours), 
the values for silage approached the values of the nonensiled 
material. This was caused by volatile fatty acids not being 
readily used by the microflora as are unfermented soluble 
carbohydrates. In vivo trials showed silages to be higher in 
digestibility. 
Significant differences (P < 0.01) existed among crops 
for percentage IVDMD. The ranking of the crops for silage 
digestibility was the same as with the crops in the fresh 
state with the exception of SF which was third highest as 
fresh material but sixth after ensiling, losing approximately 
13 percentage units in IVDMD upon ensiling. This was the 
greatest loss of all crops. 
The pH of the ensiled products were randomly checked 
after the ensiling process was complete. It was noted that all 
crops had a pH ranging from 3.8 to 4.2, with the exception of 
SF which had a pH of 5*5> This high pH characterized this 
poor quality silage. Waldo (99) suggested poor quality silages 
lose significant amounts of nutrients on lyophilization. A 
Minnesota study (G. D. Marx, N.W. Exp. Stn., Crookston, Minn., 
private communication) did not mention any particular problems 
with ensiling SF although they ensiled the whole plant and 
net ths resxduss. A furthsr ez^lsnation of the pzvblen* in­
curred with SF residue silage cannot be resolved from the 
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information in this study. 
Crude protein percentage of the silage varied signifi­
cantly (P < 0.01) among crops and systems with an equally sig­
nificant CxS interaction also present. Crops following OL 
were significantly (P < 0.01) hi^er in percentage CP, as 
compared to crops in the other systems. The trends with fresh 
plant samples were the same. Tops of SB as silage were sig­
nificantly higher in percentage CP than the other crops. This 
held true for the fresh material. Other crops were much lower 
and differed little among each. 
Crude protein values did not change significantly upon 
ensiling and in some cases values were slightly higher for en­
siled material, especially with SB. Danley and Yetter (20) 
have noted comparably small increases in protein upon ensiling 
in some situations. These increases are generally not signifi­
cant but may be explained by less loss of protein compared to 
carbohydrates. Also, the CP procedure, unlike the in vitro 
procedure, is a chemical one and would not be affected by fer­
mentation differences encountered in the in vitro procedure. 
Actual values for silage quality are comparable in many 
instances to estimates cited elsewhere. Published results in 
two cases (39, 20) showed digestibility for OS, ES, and SS 
silage very similar to those of this study. Higher percentage 
CP values were cited, however, in one study (39)* 
Minnesota studies (G» B. SSarx, N.W« Sxp. Stn., CrooASton, 
Minn., personal communication) with SB tops indicated silages 
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of adequate quality vdth no problem of high moisture content 
as was a problem in our study. Though beet tops dried for four 
days percentage moisture was still very hi^ for ensiling (75 
to 80#). 
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Whole crop As in 1974, the main crops were 
analyzed either whole or in parts for percentage IVTMD and CP. 
These values are found in Table 39 for the three cropping 
systems. 
An AOV showed significant differences (P < 0.01) 
for percentage IVDMD among crops, but not systems. A sig­
nificant (P < 0.01) CxS interaction was present. Sugarbeets 
were significantly higher (P < 0.01) in percentage IVDMD than 
other crops. Com silage and CG were also significantly higher 
(P < 0.01) than the remaining crops. The nongrain type crops 
(FS, SS, PM, TC) were lower in percentage IVDMD than other 
crops. 
Unlike 1974, CG was slightly higher in percentage IVDMD 
than OS, and particularly so following rye. The reason for 
this is not evident as CS is usually higher in digestibility 
than CG. The CS crop is at maximum DM accumulation, and 
little nutrient loss results from weathering and respiration, 
like that in CG during the harvest period. It may be, however, 
that loss of DM occurred in the lower quality, vegetative 
portion of the plant. Because the CG grain was higher in 
percentage IVMCD in 1975» than in 1974, this would give the 
Table 39* Percentage IVDKD and CP of 10 main crops from three cropping systems, 
1975 
System 
SO Rye-DC Oat -DC Crop X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB 90.48 5.48 89.23 6.12 89.22 10.03 89.64 7.21 
SP 58.55 9.73 59.23 9.28 _a _a 58.89 9.51 
S 65.20 23.75 67.53 23.76 70.77. 27.91. 67.83 25.1k 
GS 70.28 6.97 72.92 8.43 61.76* 10.32* 68.32 8.57 
FS 60.98 6.00 64.89 6.20 68.61 7.90 64.83 6.70 
SS 55.56 5.20 54.51 5.33 56.93 6.18 55.67 5.57 
PM 58.51 5.95 59.10 5.93 60.72 8.90 59.44 6.93 
OS 76.10 6.55 71.76 8.07 72.61 9.02 73.49 7.88 
CG 77.04 5.93 77.61 7.36 73.25 7.54 75.97 6.94 
TC 62.94 4.50 60.14 5.90 63.56 7.32 62.21 5.91 
Sys1;em 
8.64 X 67.56 8.01 67.69 68.60 10.57 
SE LSD^ 05 ISD^ 01 
Mean IVDMD CP IVDMD CP IVDMD CP 
Crop 1.67 0.77 3.51 1.61 4.79 2.20 
System 0.58 0.64 NS 1.76 NS NS 
0x8 (comparing two systems 
1.44 4.42 6.08 of one crop) 2.11 NS NS 
CxS (all others) 2.41 1.35 4.98 NS 6.76 NS 
^^No plants of SF grew in the oat system, thus, no values are available. 
Id These values are for rep 2 only as no plants grew in other reps. 
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whole plant a rslatively hi^er IVMD value than the CS plant* 
Grain sor^um was higher in percentage IVDMD in 1975 
than 1974 because a greater proportion of more highly digesti­
ble grain was present in 1975* Soybeans and SP, however, 
were lower in digestibility in 1975 than in 1974 because of 
lower values for grain IVDMD. These grain digestibility dif­
ferences will be discussed later. Overall, the digestibility 
of other crops did not differ greatly from the percentage 
IvnWD values of 1974, although the values for 1975 tended to 
be lower. 
Lack of significant differences for IVDMD among systems 
can be attributed to later fall frosts compared to 1974. This 
allowed crops planted late to reach maturity in most cases. 
The SC and rye-DC systems were comparable because of this. If 
crops were not as mature because of later planting, the later 
calendar date of harvest would negate any of the sli^tly 
higher percentage IVDMD in immature crops making the systems 
similar. 
Crops (S, PM, TC, PS, SS) following oats were hi^r in 
percentage IVDMD compared to other systems. In the case of CS, CG, 
and GS, they were lower in digestibility. This resulted in a 
cancelling effect making the oats system no different than the 
other systems. These differences with the various crops fol­
lowing oats are of interest because they suggest that crops 
like GSj GG; and GS had lower digestibility because of the 
lower grain to residue ratios of these later planted crops. 
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The sli^tly higher IVDMD values for PM, TC, FS, S8, and S can 
be explained "by the fact that these crops were at an earlier 
growth stage at harvest than these crops in the other systems. 
These crops except for S have little grain to proportionally 
have an effect on overall I VIM), thus remaining slightly hi^er 
in IVDMD. Soybean stover following oats was higher in percent­
age IvraiD than in other systems. Also, because stover was a 
greater part of the total yield than grain, this resulted in 
a higher overall IVMÎD value. 
The significant (P < 0.01) CxS interaction can to a great 
part be attributed to the above mentioned differences among 
crops in the oats system compared to other systems. 
Crude protein percentages differed significantly (P < 
0.01) among crops and systems (P < 0.05), but no significant 
CxS interaction was shown. Soybeans were significantly (P < 
0.01) higher in percentage CP (ça. 25 percentage units) than 
any other crop. The grain component was at ça. 41^ CP. All 
other crops ranged from 5 to 10^ CP. Sunflowers were also 
higher than other crops, because the seed was high in percent­
age CP (ça. 19#). Soybeans were hi^er in percentage CP than 
in 1974 because beans were about nine percentage units hi^er 
in 1975' All other crops had similar CP values in both years 
excepting SB and this was a result of SB roots not being 
analyzed in 1974. 
Percentage GP of erope following oats was greater (P < 
0.05) overall than for the crops of the other two cropping 
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systems. This fact was attributed to the earlier growth 
stage at harvest, as in 197^. 
Nutritive composition values for 1975f being similar to 
those of 1974; were in general agreement with the values from 
the literature already quoted, excepting for percentage IVTMD 
of S which was low. 
Grain and root The nutritive composition of the 
grain of SF, S, GS, and CG, and of the root of SB for the three 
cropping systems in 1975 are presented in Table 40. 
Grain and root quality were affected little by dates of 
planting excepting for GS after oats. Grain of this late-
planted GS was shrunken and likely contained less starch in 
relation to the hard seed coat of low digestibility. The GS 
hybrid used in this system was different from the two earlier 
planted systems and may have accounted for a portion of the 
change. Soybeans, and particularly SF grains, were lower in 
percentage IVIMD than the other crops. Sunflowers are in­
herently low because of the presence of hulls of low digesti­
bility (58). Both crops, however, were lower in percentage 
IVDMD than in 1974. The reasons for this are unknown but may 
be related to a difference that may have existed in the higji 
oil percentage which affected the in vitro digestibility. Or 
since percentage CP of S and SF were higher in 1975 than 1974, 
this could be related to the amount of soluble carbohydrates 
present; It is known that a hi^er peroentags CP will result 
in lower carbohydrate levels and, thus, in a somewhat lower 
Table 40. Percentage IVDMD and CP of grain of CG, GS, S, SF, and SB roots for 
three cropping systems, 1975 
System 
sc Rye -DC Oat--DC CroT) X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB 92.25 2.37 90.91 2.10 93.06 4.10 92.07 2.86 
SF 51.50 17.87 53.17 20.37 _a _a 52.34 19.12 
S 86.50 41.33 86.50 39.13 86.07 42.93 86.36 41.13 
GS 93.97 9.77 95.42 10.98 81.94* 12.65b 90.44 11.13 
CG 92.89 8.50 93.39 10.50 92.86 11.85 93.05 10.28 
System 
X 83.42 15.97 83.88 16.62 88.48 17.88 
^^No crop of SF grew following oats, therefore, no analyses were possible, 
^This value is of one rep only as no GS plants grew in other reps. 
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percentage IVDMD (R. L. Vetter, Iowa State University, Ames, 
Iowa, personal communication). 
Crude protein percentage increased with later planting 
dates, especially following oats. These trends were similar 
to the whole crop responses and can be explained as with the 
whole crops. The two oil crops, S and SF, were highest in 
grain protein whereas SB roots were lowest due to hi^ accumu­
lation being retained in the tops. Values of CP were similar 
to 1974 excepting as noted before, SF and S were somewhat 
higher. 
Residue Quality of the crop residues of the 
various cropping systems of 1975 are presented in Table 41. 
Only percentage IVDWD of GS and S stover differed 
greatly among systems. Highest values were noted for crops 
following oats. Reasons for this beyond the fact of the crop 
being immature are not known. 
Tops of SB were highest in digestibility (ça. 86#), while 
S stover was lowest (ca. 46#). All other residues were in 
the range of 53 to 6055. All residues excepting com stover 
and GS were lower in digestibility than in 1974. Soybeans 
and SF stover were particularly low in percentage IVDMD, as 
were the grains of these crops for 1975* 
Crude protein percentages of the crops were approximately 
equal or slightly lower than those of 1974. As in the previ­
ous year, SB tops were almost twice as hi^ in pereentage cv 
(ca. 12jS) as any of the other residues. Com cobs were the 
Table 41. Percentage IVIM) and CP of SB, SF, S, GS, and CO residues of three 
cropping systems, 1975 
System 
Crop 
SO Rye-DC Oat-DC CroD X 
IVDKD CP IVDMD CP IVDMD CP IVDMD CP 
SB tops 87.43 10.37 86.59 12.75 86.62 13.93 86.88 12.35 
SF stover 60.67 7.30 60.80 6.53 _a a 60.74 '6.92 
S stover 44.01 6.38 46.74 6.92 49.61 7.30 46.79 6.87 
GS stover 52.13 4.60 53.85 6.23 58.48* 9.60* 54.82 6.81 
GS panicle 56.68 6.03 54.74 6.38 57.15* 10.40* 56.17 7.60 
CG stover 59.60 3.05 63.22 4.55 59.92 4.95 60.91 4.18 
CG cob 54.41 2.37 52.56 2.12 53.33 2.57 53.43 2.35 
System X 59.27 5.73 59.79 6» 50 60.85 8.13 
^No crop of SF grew following oats, therefore, no analyses were possible. 
^This value is of one rep only as no GS plants grew in the other reps. 
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lowest (ça. 2fo).  Crop residues from the oat-DC system were 
slightly higher in CP than the other systems as was the case 
with the whole crop proteins and grain proteins previously 
discussed. 
Yield of IVIMD and CP of whole crops Yields of 
IVDMD and CP of the various whole crops of three cropping 
systems for 1975 are presented in Table 42. Significant dif­
ferences (P < 0.01) existed among crops for IVIMD and CP 
yield, and among systems for IVDMD yield. Significant varia­
tion (P < 0.05) for CP yield among systems also existed. The 
CxS interaction was significant (P < 0.01). The crops of the 
SC system were higher in IVWID and CP yields, but not sig­
nificantly so I than the rye-DC system. Both yielded signifi­
cantly (P < 0.05) higher than the oat-DC system. These trends 
are similar to the DM yields of these systems. Com for 
silage, SS, ES, PM, SB, and CG all yielded above 8 mt/ha of 
digestible nutrients with CS and SS being the highest, respec­
tively, Soybeans, although low in yield of IVIMD, yielded 
along with ES, PM, SS, and CS above 0.8 mt/ha of CP. 
Yield of IVDMD and CP of grain and root Yields 
of IVDMD and CF for SF, CG, GS, and S grain and SB roots are 
listed in Table 4-3 for the various cropping systems for 1975* 
As with the whole crops, grain and root yield of IVDMD and CP 
decreased with later dates of planting, particularly so with 
crops fôlj.ôwing eats. Even though CP percentages were higher 
for crops following oats this was not great enough to outweigh 
Table 42. Total yields (mt/ha) of IVDMD and (ÎP for 10 main crops of three crop­
ping systems, 1975 
System 
SC Rye-DC Oat-DC Crop X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB 11.53 0.72 7.75 0.53 4.84 0.52 8.04 0.59 
SF 4.35 0.73 4.38 0.69 0.00 0.00 2.91 0.47 
S • 3.41 1.25 3.09 1.08 1.31 0.48 2.60 0.94 
GS 8.76 0.87 6.74 0.78 0.58 0.10 5.36 0.58 
FS 10.84 1.07 10.88 1.04 3.23 0.35 8,32 0.82 
SS 9.59 0.84 12.83 1.26 6.68 0.73 9.70 0.96 
PM 10.10 1.04 9.97 1.02 4.71 0.69 8.26 0.91 
CS 17.34 1.50 8.00 0.90 5.62 0.68 10.32 1.02 
CG 14.86 1.14 7.57 0.72 3.58 0.36 8.67 0.74 
TC 7.75 0.55 8.35 0.82 3.27 0.37 6.45 0.58 
System 
9.86 3.36 X 0.97 7.96 0.88 0.43 
SE I3D.01 
Means IVDMD CP IVDMD CP IVDMD CP 
Crop 0.82 0.11 1.72 0.22 2.36 0.30 
System 0.78 0.10 2.15 0.28 3.57 NS 
CxS (comparing two systems 
0.16 2.68 of one crop) 1.13 0.37 4.07 0.55 
CxS (all others) 1.08 0.15 2.23 0.30 3.03 0.41 
Table 43. Yields (mt/ha) of IVDMD and CP of SIF, S, GS, CG grain, and SB root from 
three cropping systems, 1975 
System 
sc Rye-DC Oat-DC CroTD X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB 7.12 0.18 4.85 0.11 1.95 0.09 4.64 0.13 
SP 0.75 0.31 0.69 0.30 0.00 0.00 0.72 0.30 
S 2.04 1.07 1.87 0.93 0.74 0.40 1.55 0.80 
GS 4.90 0.51 4.01 0.46 0.12 0.02 3.01 0.33 
CG 9.67 0.88 4.59 0.52 2.05 0.26 5.44 0.55 
System 
X 4.90 0.59 3.20 0.46 1.22 0.12 
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the small yield of these residues. 
Sugarbeets, CG, and 6S had the greatest yields of IVDMD 
with S and SF being decidedly lower as a result of low yield 
and lower digestibility, particularly with SF. Soybeans was 
the highest yielder of CP. This was a result of an exceedingly 
high percentage CP compensating for a low yield. Sogaxbeet 
roots yielded little CP because of very low levels of N 
in the beets. 
Yield of IVDMD and CP of residues Residue yields 
of IVDr<10 and CP for SB, SF, S, GS, and CG residues of three 
cropping systems in 1975 are given in Table 44. As with the 
whole crop and grain and root yields of IVDMD and CP, residue 
yields of these nutrients decreased with later plantings. This 
was a result of the decreased DM yields. Sunflowers, SB, CG, 
and GS residues greatly outyielded those of S in IVDMD while 
SB and SF outyielded the other residues in CP. Soybeans were 
low in yield of both nutrients because of low IM yields while 
SF which was somewhat low in DM yield was rather high in IVDMD 
and CP as a residue. Sugarbeet tops were the highest yielder of 
both CP and IVIMD because of high quality values and good 
yield. Residues in general were lower yielders of nutrients 
than their grain or root counterparts except for SF which 
had higher yields of residues and higher percentage IVDMD than 
the girain. 
Silage Nutrdtive composition of silages, in 
terms of percentage IVDMD and CP of the various crops from 
Table 44. Yields (mt/ha) of IVDMD and CP of SB, SF, S, GS, and CG residues of 
three cropping systems, 1975 
System 
SC Rye--DC Oat--DC Crop X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB tops 4.40 0.52 2.90 0,43 2.91 0.47 3.40 0.47 
SF istover 3.47 0.42 3.62 0,39 0.00 0.00 2. 36 0.27 
S stover 1.16 0.17 1.03 0.15 0.50 0.07 0.90 0.13 
GS stover 2.75 0.24 1.96 0,23 0.29 0.05 1.67 0.17 
GS ipaiiicle 1.11 0.12 0.77 0„09 0.16 0.03 0.68 0.08 
CG stover 4.08 0.21 2.49 0„18 1.23 0.10 2.60 0.16 
CG cob 1.11 0.05 0.46 0..02 0.31 0.01 0.63 0.03 
System X 2.58 0.25 1.89 0..21 0.90 0.12 
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three cropping systems of 1975i are presented in Table 45» 
Significant differences (P < 0.01) were found among 
systems for percentages of IVIMD and CP. like the fresh 
material, crops following oats were significantly (P < 0.01) 
higher in percentage IVDMD and CP, than for the other two 
systems, which were quite similar. 
Significant differences (P < 0.01) among crops existed 
for percentage IVMD and CP. Tops of SB were significantly 
(P < 0.01) higher in quality than other crops. Comparing the 
whole-crop silages, CS had the highest levels of quality. The 
high sugar content of SB and high starch content of CS grain 
accounted for these two crops being particularly hi^ in per­
centage IVK/ID. 
A significant CxS interaction for CP existed. There were 
no instances where CP was lower with the crops in the oats 
system than in the other two systems, nor were there any large 
changes in the other systems. The interaction for CP is most 
likely just one of proportional changes and not reverses of 
trends. 
In most cases, the decrease in percentage IVDMD upon 
ensiling (compared to percentage IVDMD of unpreserved) was 
about three percentage units or less with most crops. For 
SF and PM, a decrease of six or more percentage points re­
sulted upon ensiling. A random check of pH values of the 
gilages showed that most were near 4.0, excepting for SF which 
was 5*4. As with the 1974 results, the high pH may have 
Table 4^. Percentage IVDMD and CP of various silages from three different 
cropping systems, 1975 
System 
SG Rye-DC Oat -DC Crot) X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB tops 83.20 14.32 83.86 12.65 84.70 16.88 83.92 14.62 
S F sjtover 52.41 8.28 53.39 7.17 _a _a 52.90 7.73 
GS atover 53.30 4.73 54.09 6.97 62.38 10.50 56.59 7.40 
FS 57.23 5.68 60.91 5.72 68.18 7.75 62.11 6.38 
88 52.45 5.88 51.65 5.58 55.60 6.48 53.23 5.98 
PM 52.45 5.50 50.17 5.87 54.36 8.73 52.32 6.70 
CS 73.07 7.78 72.03 8.50 70.26 9.35 71.79 8.54 
TC 59.28 5.17 57.91 6.82 62.77 8.17 59.99 6.72 
System X 60.42 7.17 60.50 7.41 65.46 9.69 
SE LSD OS LSD^ 01 
Mean IVDMD CP IVDMD CP IVDMD CP 
Crop 1.25 0.55 2.69 1.19 3.72 1.65 
System 0.45 0.42 1.26 1.15 2.09 1.92 
CxS (comparing two systems 
0.63 of one crop) 1.86 NS 1.40 NS 2.27 
CxS (all others; 2.01 0.69 NS 1.47 NS 2.02 
^^No SF grew following oats, therefore, no analyses were possible. 
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resulted in losses of highly digestible nutrients during lyoph-
ilization. The decrease in IVMQ) with PM was not a result of 
high pH. As was mentioned in the 1974 results, these decreases 
upon ensiling may not be real but a result of the particular 
laboratory method used. The reason for less decline in percent­
age IVDMD upon ensiling of the 1975 versus 1974 crops would 
well be a result of better techniques (tighter package, less 
mold growth) used in making the silages in 1974. 
Percentage CP changed very little upon ensiling. In some 
instances the values for CP were slightly higher for the silage, 
and particularly so with SB. 
In general, silage IVDMD and CP values were much the same 
in 1974 as in 1975» ^is can best be determined comparing the 
five systems of 1974 to the three systems of 1975* Two 
noticeable exceptions were present. Digestibilities of PM 
silage were lower in 1975 because of a larger decrease 
in percentage IVDMD upon ensiling. Silages made from CS were 
higher in percentage IVDMD and CP in 1975 than 1974 because of 
less decrease in IVDMD upon ensiling. The decreases in IVIMD 
upon ensiling in 1975 were more consistent with the changes 
reported in the literature (20) than were the greater de­
creases of 1974. As the silage quality values for 1975 were 
similar to those of 1974, the comparison of these values with 
those presented in the literature would be similar to those 
uxscussed j.n 1974. 
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Total yield of IVDMD and CP of first and main crops 
1974 Presented in Table 46 are the total yields of 
IVHWD and CP of the first and main crops of the various crop­
ping systems, 1974. 
Significant differences (P < 0,01) resulted among crops 
and systems for total yields of nutrients. Variation among 
crops followed the pattern of main crop data (Table 35) as a 
constant first crop nutrient yield (if any) was added to the 
main crop values. Variation for IVDMD and CP total yields 
among systems showed that the first and main crops of the OS 
system were the greatest yielders of nutrients followed by 
the OL system, V/hen only the main crops were considered the 
SC system was the greatest yielder of nutrients. When the 
first crop yields of nutrients were considered, the SC system 
ranked third in yields of IVDMD and fourth among the systems 
in CP yields. Thus, the yield of nutrients of oats was 
great enough to more than overcome the deficits which the main 
crops of the two oat-DC systems had in comparison to the SC 
system. The rye-DC systems, because of only a small addition 
of nutrients from the rye, remained rather low in yield of 
total nutrients compared to the other systems. 
The CxS interaction can be interpreted just as the data 
for the main crops only. When only main crops were considered, 
CS in the SC system far outyielded other crops in IVDMD and 
yielded among the best in GP: Upon addition of first-crop 
nutrient yields, CE with SS and OE with CS yielded comparable 
Table 46. Total IVDMD and CP yields (mt/ha) of first 
and main crops of four DC systems and the 
main crops of the SC system, 1974 
System 
SC RE-DC RL-DC 
Crop IVDMD CP IVDMD CP IVDMD CP 
TC 8.70 0.78 6.98 0.63 7.54 0.78 
CG 9.67 0.94 3.80 0.49 7.66 0.96 
cs 12.17 0.90 2.59 0.32 8.97 0.99 
ss 11.79 0.97 9.29 0.76 10.59 0.90 
PM 7.15 0.61 8.74 0.74 7.66 0.77 
FS 10.69 0.74 7.67 0.64 7.99 0.81 
GS 5.10 0.65 4.47 0.62 4.74 0.77 
S 3.24 0.78 3.88 0.90 3.86 0.80 
SF 4.07 0.50 1.25 0.21 4.53 0.62 
SB^ 3.65 0.49 4.23 0.58 2.92 0.41 
System 
6.65 3c 7.62 0.74 5.29 0.59 0.77 
SE 
Mean IVDMD CP 
Crop 0.53 0.06 
System 0.29 0.03 
CxS (comparing two systems of 
one crop) 0.92 0.11 
CxS (all others) 0.98 0.12 
^ops only plus small grain forage, if any. 
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System 
OE-DC Olr-DC Crop X 
IVDMD CP IVDMD CP IVDMD CP 
10.26 
10.38 
12.52 
12.84 
11.24 
10.71 
6.78 
5.44 
6.38 
6.73 
1.21 
1.42 
1.48 
1.20 
1.16 
1.05 
1.08 
1.08 
0.96 
0.96 
7.82 
7.05 
9.00 
10.95 
9.34 
VA 
5.74 
7.54 
6.75 
1.13 
1.06 
1.20 
1.34 
1.17 
1.13 
1.09 
1.00 
1.08 
1.01 
8.62 
7.71 
9.05 
11.09 
8.83 
9.28 
Uî 
0.91 
0.97 
0.98 
1.03 
0.89 
0.87 
0.84 
0.91 
0.67 
0.69 
9.33 1.16 8.01 1.12 
™.05 IGD,oi 
IVDMD CP IVDMD CP 
1.10 
0.58 
0.13 
0.07 
1.51 
0.77 
0.18 
0.09 
1.84 0.22 2.44 0.29 
1.98 0.23 2.65 0.32 
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amounts of IVDMD (12.84 and 12.52 mt/ha, respectively) to what 
CS yielded alone in the SC system (12.17 mt/ha). Crude protein 
yields of OE with CG and CS and OL with SS were among the 
highest of the crop combinations. They were considerably 
higher than SS in the SC system, which was the highest yielder 
of CP when considered alone. 
1975 Total yields of IVDMD and CP of the first, if 
any, and main crops of the three cropping systems of 1975 are 
presented in Table 47. 
Significant differences (P < 0.01) in total yields of 
nutrients resulted among crops and systems. The rye-DC system 
yielded slightly higher amounts of nutrients than the SC sys­
tem but not significantly (P > 0.05) so. Evaluation of the 
main crop yields (see Table 42) only, showed the reverse to 
be true. The yield of nutrients of rye when added to the main 
crops of the system, overcame the deficit this system 
showed in comparison to the SC system. Both the SC system and 
rye-DC system showed total nutrients to be greater than those 
of the oat-DC system. 
The CxS interaction can be explained as with the main 
crop yields of nutrients (see Table 42). The addition of 
yields for rye and oats to the main crop yields of nutrients 
of these DC systems were not great enou^ to overcome the high 
yields of nutrients of CS in the SC system. Sorghum-sudangrass 
hybrid along with rye, hovrsvsr, resulted in yields of IVSSD 
that were not significantly (P > 0.05) less than that of CS 
Table 4?, Total IVDMD and CP yields (mt/ha) of first and main crops of two DC 
systems and the main crop of the SC system, 1975 
System 
SC Rye-DC Oat-•DC Crot) X 
Crop IVDMD CP IVDMD CP IVDMD CP IVDMD CP 
SB 11.53 0.72 9.94 0.97 6.84 0.86 9.44 0.85 
SF 4.35 0.73 6.57 1.131 2.00 0.34 4.31 0.73 
S 3.41 1.25 5.28 1.52 3.33 0.81 4.01 1.19 
GS 8.76 0.87 8.93 1.221 2.58 0.44 6.76 0.84 
FS 10.84 1.07 13.07 1.48 5.23 0.69 9.71 1.08 
SS 9.59 0.89 15.02 1.70 8.68 1.07 11.10 1.22 
FU 10.10 1.04 12.16 1.46 6.71 1.03 9.66 1.18 
cs 17.34 1.50 10.19 1.34 7.62 1.02 11.73 1.29 
CG 14.86 1.14 9.76 1.16 5.58 0.70 10.07 1.00 
TO 7.76 0.55 10.54 1.26 3.27 0.71 7.19 0.84 
System X 9.86 0.97 10.15 1.3a 5.38 0.77 
SE LSD .05 LSD 01 
Meaas IVDMD CP IVDMD CP IVDMD CP 
Crop 0.82 0.11 1.72 0.22 2.36 0.30 
System 0.78 0.10 2.15 0.28 3.57 NS 
CxS (comparing two systems 
0.16 of one crop) 1.13 2.68 0.37 4.07 0.55 
CxS (all others) 1.08 0.15 2.23 0.30 3.03 0.41 
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in the SO system and did show a higher yield of CP than CS. 
Combustible Energy of Crops and Residues 
mit 
Combustible energy value Combustible energy values 
determined via bomb calorimetry for the various crops and 
residues from five cropping systems of 197^ are presented in 
Table 48. There were significant differences (P < 0.01) among 
systems and crops for caloric energy in 1974. 
The SC system and DC system following RE were signifi­
cantly (P < 0.01) lower in energy than the other three systems. 
These differences, although significant* were not large. 
A major part of the significant (P < 0.01) CxS interaction was 
a result of some crops being higher in energy in the SC and 
RE-DC systems con^ared to the later planted DC systems. 
Tops of SB were significantly (P < 0.01) lower in energy 
content (3451.1 cal/g) than any other crop. Since SB tops 
are high in ash content (58) and N, both of which are not pro­
ducers of net combustible energy, the amounts of SB DM avail­
able for conversion to heat energy is lowered. Sunflower 
stover and PM were also significantly (P < 0.01) lower than 
other crops excepting SB in gross energy. These materials are 
slightly higher in ash content than most crops (58), thus 
accounting for lower energy values. Ash-type residues from 
SB, sF, and FM were found in the sample cups âftër removal from 
the bomb. Com cobs, GS panicles, and S stover were signifi-
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Table 48. Combustible energy (cal/g) of whole crops and crop 
residues of five cropping systems, 1974& 
Crop SC 
System 
RE-DC RL-DC OE-DC OL-DC Crop X 
TC 
CG stover 
CG cob 
CS 
SS 
PM 
FS 
GS stover 
GS panicle 
S stover 
SF stover 
SB tops 
3788.0 
3924.3 
4112.0 
3840.7 
3907.2 
3653.2 
3850.4 
4000.4 
4141.5 
4049.1 
3703.0 
3527.2 
3851.5 
4021.1 
4087.4 
3873.1 
3839.4 
3836.5 
3861.3 
3876.5 
4159.4 
4054.6 
3723.9b 
3425.4 
3904.1 
4013.5 
4132.8 
3964.8 
3899.8 
3856.7 
3893.1 
3965.2 
4182.4 
4053.0 
3686.5 
3523.7 
4011,3 
3963.5 
4231.1 
4043.5 
3901.9 
3881.5 
3898.3 
3989.1 
4145.0 
4062.4 
3719.3 
3411.7 
3949.8 
4060.6 
tm 
3979.1 
3920.6 
3999.1 
3915.2 
4145.6 
4172.0 
3728.0 
3367.6 
3900.9 
3996.6 
4131.4 
3937.4 
3905.5 
3829.7 
3900 .4 
3949.3 
4154.8 
4078.6 
3712.1 
3451.1 
System X 3874.8 3884.2 3923.1 3938.2 3941.3 
Means SE LSD 
.05 LSD .01 
Crop 
System 
CxS (comparing two systems 
of one crop) 
CxS (all others) 
17.9 
13.0 
41.1 
31.6 
37.7 
25.9 
81.9 
64.1 
51.6 
34.4 
108.8 
85.9 
Values of CG cobs and stover and of GS panicle and 
stover were analyzed statistically as one value for each crop 
but are listed here separately for comparative purposes. 
^Weighted average as no SF crop grew following RE. 
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cantly (P < 0.01) higher in energy than the other materials. 
It is known that cobs and particularly S stover are high in 
lignin (97). Lignin is devoid of some oxygen molecules in its 
chemical makeup as compared to the celluloses or starches most 
commonly found in biomass material. This more concentrated 
carbon and hydrogen content on a DM basis gives lignin and its 
precursors (100) a higher heating value. Thus, crops hi#i in 
lignin concentration are generally greater energy producers. 
Low N also contributed to a high energy value for cobs as any 
N present subtracts from the net energy value of the sample. 
Yields of combustible energy Yields of combustible 
energy of whole crop and crop residues for the five cropping 
systems of 1974 are presented in Table 49. Differences among 
systems and crops were significant (P < 0.01) for yield of 
calories per hectare. 
The differences among systems were mainly a reflection of 
DM yields, as the rankings of energy yield are the same as 
those of the MI yields. The difference among crops for yield 
of energy was a result of the analysis including residues, 
which being parts of whole crops, are inherently lower in 
yield than the whole crops themselves. Yields of SS energy 
(6.15 X 10^® cal/ha) were significantly higher (P < 0.01) 
than any other biomass material. Yields of energy were rela­
tively high for com and sorghum residues in comparison to some 
of thé whole crops, bêcausê thêsê Grôp rasiduê» have gOOu 
yields and their energy values are among the highest reported 
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Table 49. Yields of combustible energy (cal/ha x 10^^) of 
whole crops and crop residues for five cropping 
systems, 1974^ 
System 
Crop SC RE-DC RL-DC OE-DC OL-DC Crop X 
TC 4.07 3.43 3.67 4.37 2.10 3.65 
CG stover 2.08 0.92 2.00 2.29 1.43 1.74 
CG cob 0.64 0.25 0.48 0.56 0.22 0.43 
CS 5.93 0.81 4.15 4.97 2.62 3.70 
SS 7.36 5.52 6.32 6.79 4.76 6.15 
PK 3.89 4.80 3.94 5.34 3.55 4.30 
FS 5.75 3.96 4.06 4.63 3.09 4.30 
GS stover 2.32 1.90 2.04 2.16 1.32 1.95 
GS panicle 0.48 0.52 0.53 0.59 0.53 0.53 
S stover 0.85 0.84 0.73 0.70 0.61 0.74 
SF stover 2.17 0.14 1.43 1.35 1.49 1.31 
SB tops 1.43 1.30 0.60 1.38 0.92 1.12 
System X 3.13 2.03 2.50 2.55 1.88 
Means 
SE ^°.05 ^^.01 
(xlO^°) (xlO^°) (xlO^°) 
Crop 0.30 0.63 0.86 
System O.I6 O.3I 0.42 
CxS (comparing two systems 
of one crop) O.50 1.00 1.32 
CxS (all others) 0.54 1.08 1.46 
Values of CG cobs and stover and of GS panicles and 
stover were analyzed statistically as one value for each crop 
but are listed here separately for comparative purposes. 
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in these trials. The yields of energy for SB and SP residues 
were low and resulted from low energy values and moderate IM 
yields. Energy yields of S stover were low as a result of low 
DM yields, even though energy concentration was high. A sig­
nificant CxS interaction was present. It is explained es­
sentially as the significant interaction for 1974 DM yield 
was explained. 
122i 
Combustible energy value Energy values for the various 
whole crops and residues of three cropping systems for 1975 
are found in Table 50» 
Sigiifleant variation was present saong crops for com­
bustible energy. As in 197%, SB tops (36o4.1 cal/g) and SF 
stover (3736.2 cal/g) were significantly (P < 0.01) lower in 
heating value than other crops. Com cobs (4304.1 cal/g) and 
S stover (4229.9 cal/g) were highest for combustible energy 
among the biomass tested, as a result of higher lignin content, 
particularly with S, and a low N content of cobs. No signifi­
cant differences (P > 0.05) were shown for combustible energy 
values among systems. Although crops in the various systems 
were somewhat different in stage of growth at harvest most 
were basically mature and, therefore, chemical composition 
that might affect gross energy may have been only slightly 
variable. 
A significant CxS interaction occurred for the 1975 
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Table 50. Combustible energy values (cal/g) of whole crops 
and crop residues from three cropping systems « 
1975* 
System 
Crop SC Rye-DC Oat—DC Crop X 
SB tops 
SF stover 
S stover 
GS stover 
GS panicle 
ES 
SS 
HI 
CS 
CG stover 
CG cob 
TO 
3643.9 
lUVe 
4130.7 
4126.7 
4041.1 
4191.1 
4126.3 
4247.4 
4145.0 
3585.0 
3796.9 
4263.0 
3921.5 
4055.9 
4149.4 
4119.1 
4017.6 
4178.3 
4160.0 
4340.9 
4117.4 
3583^3 
4180.6 
4050.0 
4042.8 
4046.5 
4081.3 
3840.9 
4181.3 
4141.3 
4323.9 
4056.7 
3604.1 
3736.2 
4229.9 
3968.8 
4046.4 
4108.9 
4109.0 
3966.5 
4183.6 
4142.5 
4304.1 
4106.4 
System X 4045.8 4058.8 4048.1 
Means SE LSD.05 LSD.01 
Crop 
System 
CxS (comparing two systems 
of one crop) 
CxS (all others; 
23.5 
12.1 
37.3 
38.4 
49.4 
NS 
78.8 
79.1 
67.6 
NS 
109.4 
107.1 
Values of CG cobs and stover and of GS panicles and 
stover were analyzed statistically as one value for each crop 
but are listed here separately for comparative purposes. 
^As no SP grew following oats no analysis was possible. 
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analysis of crops for combustible energy content. Soybean 
stover, FS. PM, and TC following oats were significantly 
(P < 0.01) lower in energy than in other systems, whereas GS 
stover after oats was significantly (P < 0.01) higher. This 
latter value is based on analysis of one rep only. The reasons 
for these differences are not apparent, especially since the 
crops in the OL system in 197^ performed differently than in 
the oat-DC system of 1975* Average combustible energy value 
was about I50 cal/g lower in 197^ than 1975» 
Energy values quoted in the literature for biomass are 
limited. Gross energy values cited (58) for plant material 
such as com cobs, stover, whole com plants, and S are 
slightly higher (4200 to 4400 cal/g) than those reported here. 
These differences may be due in part to procedural differences. 
Yields of combustible energy Presented in Table 51 are 
yields of combustible energy for various crops and residues in 
three cropping systems for 1975» 
Significant differences (P < 0.01) resulted among systems 
and among crops for energy yield. The SC system and the DC 
system with rye, which did not differ, produced significantly 
(P < 0.01) larger yields of energy than the oat-
DC system. As the caloric value of these systems did not vary, 
the difference in yields of energy were basically a reflection 
of yield of DM. 
Sorghum=sudangrass hybrid was the highest producer of 
energy (7.2 x 10^® cal/ha) followed by OS, PM, and PS. 
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Table 51* Yields of combustible energy (cal/ha x 10^®) of 
whole crops and residues of three cropping systems, 
1975* 
System 
Crop SC Rye-DC Oat-DC Crop X 
SB top 1.84 1.80 1.20 1.41 
SF stover 2.10 2.26 0.00 1.45 
S stover 1.12 0.94 0.42 0.82 
GS stover 2.08 1.42 0.20 1.23 
GS panicle 0.79 0.57 0.11 0.49 
FS 7.35 6.94 1.86 5.38 
SS 7.13 9.68 4.79 7.20 
PM 6.98 6.84 2.92 5.58 
OS 9.56 4.66 3.23 5.82 
CG stover 2.82 1.64 0.85 1.77 
CG cob 0.87 0.38 0.25 0.50 
TC 5.11 5.72 2.11 4.32 
System X 3.98 3.52 1.36 
SE 
™.05 %:».oi 
Means (xlO^O) (xlO^O) (xlolO) 
Crop 0.43 0.90 1.23 
System 0.36 1.01 1.68 
CxS (comparing two systems 
0.61 1.41 of one crop) 2.08 
CxS (all others; 0.60 1.24 1.68 
Values of CG cobs and stover and of GS panicles and 
stover were analyzed statistically as one value for each crop 
but are listed here separately for comparative purposes. 
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Tropical corn and the residues were the lowest yielders. These 
values are essentially a result of DM yield differences as SS 
was the best DM yielder and the residues only being part of the 
crop were inherently low in yield. The DM yield of PM was 
greater than that of CS but the energy yields were just the 
opposite. Although the changes were not great, they are an 
indication of PM's lower energy value. 
A significant (? < 0.01) CxS interaction existed for 
energy yield. Not all crops performed similarly in each sys­
tem. Sorghum-sudangrass hybrids produced highest yield of all 
crops in the rye-DC system (9.68 x 10^® cal/ha), but CS pro­
duced similarly higher energy yields (9*56 % 10^® cal/ha) in 
the SC system. Most of the CxS interaction resulted from DM 
yield of the crops. 
First crop combustible energy value and yield The 
small grain crops were analyzed for heating value in 1975* 
Rye and oats had average values of 4253 and 4191 cal/g, re­
spectively. These values were not statistically different. 
The value for oats is slightly less than the 4330 cal/g quoted 
in the literature (58). 
Yields of energy for rye and oats were 1.5 x 10^® cal/ha 
for both crops. The DM yields of rye and oats in 1975 were simi­
lar, as were the energy values, so yields of energy were similar. 
These yields were among the lowest compared to the other crops 
and residues analyzed even though the energy values of these two 
small grains were among the hi^est of the biomass evaluated. 
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Effects of moieture on energy values of biomass 
Most plant material, if to be used as a burnable fuel 
source to generate steam and produce electricity* will not be 
burned at zero moisture. There is difficulty and cost involved 
in reducing the moisture further ftom its condition in the 
field. 
To evaluate the effects of moisture content on heating 
value of biomass, corn stover and cobs and S stover were 
analyzed. The samples were from 1975 crops and were analyzed 
at three different moisture levels. The levels chosen repre­
sented typical moisture contents of crop residues in the field 
at harvest time with minimsil drying. 
A graphic presentation of the heating values of the three 
crop residues as influenced by moisture is given in Figure 11. 
These lines were fitted by simple linear regression. As is ap­
parent from the very high and significant (P<0.01) correlations 
and slopes of the lines, as percentage IM increased, heating 
value increased. This was true for each of the three residues 
and with the total of the three residues analyzed as one biomass 
material. According to the equation (30.10 437.04 = cal/ 
g) for the total of all three residues, at 100# DM, an average 
sample would have a heating value of 4247 cal/g. At 70#DM, the 
value would be only 3140 cal/g. Assuming that a sample at 70# DM 
has 30#water which has no net heating value, then the heating 
value of a sample at 70# DM should be =70 that of a DM sample (4247 
cal/g) or 2973 cal/g. The values differ by more than 125 cal/g 
FigunB 11. Effect of moisture percentage on energy value of CG stover, CG cobs, 
S stover, and the total of these three residues including regression 
equations and correlation coefficients of each 
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indicating a difference by method of calculation. The dif­
ference between the methods becomes greater with higher mois­
ture percentages, suggesting either the slope of the regression 
line may be incorrect if the other method is assumed correct or 
it may be that water actually changes the chemical potential 
for energy evolution of the sample. In evaluating the regres­
sion equation derived, it can be seen that the y-intercept is 
in all cases in excess of 350 cal/g. This would suggest that 
a sample at 100^ moisture (aU water) has a heating value of 
350 cal/g or more which is erroneous because water has no net 
combustible energy. Therefore, the deviation of the two 
methods of calculating heating values of moist samples is 
likely a result of the slope of the regression equations de­
rived not accurately assessing the predicted change of heating 
value with moisture changes. 
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GENERAL DISCUSSION 
The feasibility of DC in Iowa is dependent on many 
biological, environmental, cultural, and managerial consid­
erations. These will be discussed with respect to the DM 
yields which were obtained for the various crops and in rela­
tion to their nutritive composition and combustible energy 
value in various cropping systems. 
Double Cropping and Yields 
First-crop growth and performance 
In all 3 years, oats either equalled or yielded more DM 
than rye. The fact that oats was harvested at a later growth 
stage and the growing period of oats occurred during warmer, 
longer days explains this better performance. Additionally, 
because of dry fall periods and late fall planting of rye, no 
substantial growth occurred to influence the next spring's 
yields. Rye in 1974 was spring planted and this was obviously 
the reason for its low yield compared to oats for that year. 
Although rye DM yields were lower than oats, the timeliness 
of the rye growth period may override its lower total yield. 
Rye can produce fall growth which, when planted sufficiently 
early and with adequate moisture, may produce some forage 
growth often needed by grazing ruminant animals in the late 
fall. Very early spring growth (see Figures 12 and 13), 
earlier than any other commonly grown annual or perennial crop. 
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Figure 12. A view of rye on April 1. 197o. This photo emphasizes the earllness 
of rye compared to common perenniiil grasses in the background. The 
?hoto also shows the ability of R/e to reduce the effect of erosion bare soil shows both water and wILnd erosion) 
Figuire 137 nrKy IT/ in tKe boot to early Rëaiaang stage 
(center) and oats in the early ve|{etative stage (left foreground). 
This emphasises the early maturit)^ of rye compared to oats 
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would also make this crop available for some early spring 
grazing when livestock producers typically find themselves with 
less than adequate feedstuff s for their animals. It was ob­
served, although no quantitative data were collected, that in 
the late fall, winter, and early spring of 1974-75 and 1975-76 
rye decreased wind and water erosion of soils in the experi­
mental area (see Figure 12). This advantage of rye usually has 
no major influence on yield or outward economic value, never­
theless, it is critical to long-term stability of the soil and 
crop production therefrom in the future. 
First-crop effects on production of main crop 
Rye can in most years be harvested 3 to 4 weeks before 
oats for moderate yields of nutritious forage. This early 
harvest allows earlier planting of the main crop, giving this 
crop a longer growth period and greater yields in most cases 
than those crops following oats (see Figure 13). Triplett 
et al. (93) have shown a 5 to 10 bu/A increase with a one-week 
earlier planting of S. The dates of maturity of both small 
grain crops could be affected by early spring conditions. 
But as was shown in 1975, oats can be affected by these en­
vironmental conditions in early spring leading to delays in 
planting. This forces a delay in harvesting because comparable 
growth stages of late-planted oats would occur at a later 
calendar date than early-planted oats» Any time oats planting 
is delayed to any significant extent, DC should be abandoned 
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in support of a single main crop. In contrast to this, the 
late harvest of some crops in the fall may delay or even pro­
hibit planting rye. It was shown in the fall of 197^» how­
ever, that rye could be planted October 19 under dry condi­
tions and still produce a good crop the following spring. 
This observation supports the fact that rye is known as having 
the greatest hardiness among small grains. If late harvest 
of a main crop is a problem, it has been shown in other 
studies that rye can be overseeded into a standing main crop 
with good productive potential (15)» With certain crops such 
as the silages or S, which would additionally supply N to rye, 
this small grain could regularly be planted with these crops 
in a DC system as they are harvested early in the fall. 
Beyond the concern with date of planting, harvest of the 
first crop, and harvest of the main crop, the small grain crops 
have other apparent effects on cultivation of a main crop. It 
was observed that when small-grain stubble was tilled more 
time was needed to create a suitable seedbed following rye as 
compared to oats. The root system of rye appeared more fibrous 
and dense than that of oats. 
It has been shown in other studies that stubble and 
roots can have an allelopathic effect on growth of a second 
crop (91). This study did not attempt to measure such an 
effect but stand was a problem with main crops following oats 
and ^ê. The stand problem, hôWëVêr, can prôbâbly bê at­
tributed to a dry seedbed, especially following OL in 1974, 
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oats in 1975* and rye and oats in 1976. The need to consider 
both allelopathic effects in future DC studies and other 
environmental impacts on the establishment of the second crop 
is evident. 
Weed control following the harvest of the first crop may 
present a problem. In the three years the experiment was car­
ried out very few if any weeds were present in the small 
grains. If weeds were a problem, with either tillage follow­
ing the harvest or no-till, then use of a nonselective contact 
herbicide to control vegetation would be needed. This has been 
used and found workable (74). The effectiveness of herbicides 
on the small-grain stubble either in a no-till system or 
tilled seedbed can be decreased due to lack of moisture at 
this time. . The stubble intercepts and decreases the amount 
of herbicide that actually comes in contact with the vegeta­
tion or soil particles. Herbicides from the preceding crop 
can be a problem to the small grains themselves. If DC sys­
tems are used, a herbicide used on the main crop must not in­
terfere with establishment of the small grain to follow for 
next year. 
Insects and disease problems with DC have been mentioned 
but have not been shown to be of any present significance 
(4?). No obvious problems with these pests as a result of 
DC were observed in the three years of this study. 
Fertilizer application and availability of nutrients to 
the second crop can be influenced by the first crop. It has 
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been suggested that fertilization with P and K in amounts 
sufficient for both crops prior to the planting of the first 
crop is advantageous and effective (55)* This eliminates the 
time and expense involved in an extra application of fertilizer 
and it allows, depending on tillage operations, better incor­
poration of the nutrients in the deeper root zone for better 
utilization during dry periods. 
The application of N, if needed, must occur after small 
grain harvest because N amounts needed for com and most other 
crops would cause excessive lodging of the small grain. Also, 
substantial amounts may be lost to early leaching or de-
nitrification. Application at the time of planting creates 
a problem if no-till is used since incorporation in the row of 
large amounts could not be made and application of certain N 
fertilizer sources such as urea could be lost as a result of 
denitrification. The fact that the fertilizer would not be 
incorporated would reduce the amount to the deeper roots as 
rednfall is limited at this period for incorporation* Also, 
if N is only incorporated in the top few cm, uptake would 
be limited in this root zone during a dry period. Minimum 
tillage following first crop would not have a large problem 
with denitrification, but incorporation may still be limited 
to upper zones. In the studies conducted,only two plots in 
the 3 years of experimentation showed any obvious N deficiency 
in the DC situation. Both of these were probably a result of 
water erosion that occurred in these plots. The lack of other 
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plots showing this could be a result of less need by the 
second crop, as it produces less yield and is not growing for 
as long a period as single-cropped plants. The fertilization 
with N has the potential of being a problem and should be 
evaluated to determine application needs for the main 
crop. 
The effect of the moisture status of the soil as a result 
of growing a first crop obviously affects to some degree the 
potential production of the main crop. An evaluation was con­
ducted in 1976 on the status of soil moisture following rye and 
oats, using methods described by Shaw (78,79). It was found 
that rye created a greater stress index to the following com 
crop than was present with single-cropped com. Oats produced 
an even greater stress index for com than rye* Thus, the 
first crop can affect the potential growth of the second crop 
by removing available moisture from the upper parts of the 
soil. This not only limits germination potential, but growth 
following emergence as well. 
Main crop production 
Greatest Mî yields of main crops were produced in the SC 
system for all crops excepting PM in 1974. Yields of crops 
in the OE system were not appreciably lower when stands were 
adequate. Yields were substantially lower in the RL, and 
especially the RE and OL, systems because of poor stands in 
the case of rye systems and both late planting and poor stands 
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with OL. 
In 1975» yields in the SC and rye-DC system were not 
greatly different. The main crops following oats were sig­
nificantly lower due to late planting and poor stands. Yields 
of SP, S, FS, SS, PM, and TC were comparable in the single 
and rye-DC systems whereas CG, CS, GS, and SB performed best 
in the SC system in 1975* Results in 1976 were similar to 
those in 1975 with a few exceptions. The overall yields in 
1976 were slightly less in general due to a drier summer 
period. Yields of the main crops in the oats system in 1976 
were not as low as in 1975 because the main crops were 
planted a few days earlier and adequate rainfall followed to 
give moderate to good stands. Yields of grain (or root) and 
residue were affected by late planting date. Especially with 
the latest planting, residue yield did not decrease much while 
grain yield did. late planting resulted in the lowest harvest 
indices because of less time and favorable conditions for good 
reproductive growth compared to vegetative growth. Total yields 
can be somewhat deceptive, especially with CG, and, to some 
extent, GS. A greater proportion of vegetative to marketable 
grain yield was produced with the crops in the DC systems. 
Thus, although total yields of the main crop in a majority of 
the cases were not lower in the OE or rye-DC system, the 
marketable yield was, in most cases, appreciably lower. 
Unless the vegetative material would be of great value to the 
producer, in many cases, CG (and CS), GS, and SB under SC 
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conditions would be most profitable as yields drop off greatly 
with just a few weeks delay in planting. 
The highest yielding species was SS in 1974 in the SC 
system. The SS in the rye-DC system and CS in the SC 
system were the greatest producers of "biomass in 1975* Forage 
sorghum in the SC system produced the greatest yields in 1976. 
The C^ species, in general, outyielded the C^ species. Grain 
sorghum was the lowest yielding C^ species as a result of its 
short stature (see Figure 14). Sugarbeets were the highest 
yielding C^ species, being comparable in yield to GS. 
Total yields of biomass (first crop plus main crop) were 
greatest with the OE system in 1974 and with the rye system 
in 1975 2Uid 1976. The value of the first crop and the costs of 
growing the extra first crop will need to be compared with the 
greater total biomass yields obtained for the DC systems of 
OE in 1974 and of rye-DC in 1975 and 1976. Yields of the SS, 
FS, and PM were comparable in the SC system and the OE or 
rye-DC systems. If the growing of the small grain is an 
economical venture in its own right, our results suggest that 
the DC system involving SS, FS, and PK would be profitable 
(assuming these main crops alone were economically feasible). 
The growing of two crops in some respects results in the 
spreading of costs, such as for applications of P and K fer­
tilizer, and for land charges, over two crops, thus lowering 
the input costs normally ascribed to these crops if grown 
individually. Soybeans, SF, and TC also responded similarly 
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Flguirei 14. A view of the double-cropping eaq;>ariment on September 19, 1975* The 
short stature of GS is shown in the foreground coiiq;>ared to the tall-
growing 88 behind it. The difference in maturity of the two crops 
is also shown. Earliest to latest planting date (SC. rye-DC, and 
oat-DC systems, respectively) for these crops are in plots from right 
to left in the photo 
175 
to SS, FS, and PM in the DC systems, and similar reasoning 
would be logical. Additionally, rye following S in a DC 
system would benefit from fixed N making this system poten­
tially more profitable. 
In this study, decreases in yield of CG, G8, and S in the 
rye-DC system as compared to yields in the SC system were of 
the same order as comparisons made with studies in the south­
eastern U.S. (62,75) where these crops followed barley and 
wheat harvested as grain. The shorter growing season of the 
northcentral region does not prevent DC from being practiced. 
Systems of DC in these northern areas should involve the 
first crop for forage to permit earlier planting of the main 
crop. If the small grain is fall sown, there are added 
benefits accruing to soil and water conservation as well. 
Environmental and cultural effects on main crop production 
Probably the single most important influence on main crop 
yield is date of planting. This has been suggested by several 
researchers (46,93). Later planting results in some cases in 
more vegetative but less reproduction growth, as was shown by 
the low harvest index values. Pollination occurs later as 
planting is delayed. The pollination occurs in hotter, 
drier periods of the summer and is a particular problem with 
the crops grown specifically for grain. Other problems with 
later plantings art a shortened season for crop growth, vary­
ing photoperiodic effects, days during maximum growth which 
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are shorter in length, and a majority of growth which must 
take place during the hot, dry summer days and then cool, 
short days of early autumn. Slower drying of crops in the 
very late fall also results. Later plantings are addi­
tionally subjected to frost before harvesting, causing DM 
and nutrient losses upon weathering. 
There often is less moisture available^ at later plant­
ings. Crops planted early have an advantage of adequate 
available moisture for germination. This permits production 
of an early, deep-root system that can take advantage of 
subsoil moisture under summer stress. Taking advantage of 
these latter factors was reduced by later plantings, es­
pecially those following oats. The first crop normally gets 
its supply of moisture from the upper few feet of soil, 
particularly the upper foot (78), thus depleting moisture 
in the seed and seedling zones of the second crop. With 
rain showers reduced at planting dates after mid-June on 
means that moisture from the soil and from rainfall are much 
more limited. 
Poor germination and seedling establishment were the 
most common cause of decreases or losses of stand with later 
planted crops, especially those after oats in 1975 and 1976. 
The decreased stands of crops following the rye in 1974 were 
mainly due to poor seedbed preparation. Although stands 
following rye in 1975 mid 197° wêfê better than those of 
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main crops following oats, they were in general poorer than 
those crops in the SC system. Rainfall occurred in most 
cases following planting of the crops in the rye systems; 
but these rains were sporadic and light compared to earlier 
spring rains, yet more consistent and greater than those 
following oats. Thus, the smaller and more sporadic rains 
with later plantings and the progressively lower soil 
moisture availability in the different systems (rye removes 
more than no first crop and oats more than rye) at planting 
time resulted in poorer stands in general with later planting 
dates. 
Germination and the ability to establish a crop differed 
with the different crops. Sorghum-sudangrass hybrid, PS, and 
PM showed the least problems. If germination and establish­
ment were less than optimal, these species demonstrated the 
capacity to tiller under these conditions. Sugarbeets pro­
duced adequate stands under most situations, also, perhaps a 
result of the overplanting of seed. The corn crops were 
variable because of poorer stands with later plantings in each 
year. Sunflowers and GS were extremely variable in the DC 
system involving oats. In 1975i SF failed to produce any 
harvestable stand and GS produced only a meager stand in one 
of the three replications. In 1976, stands were adequate. 
Soybeans had emergence problems following oats in both 1975 
and 1976 and in 1974 following OL, The ability of S to branch 
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under low population compensated for some of this decrease. 
In general, stands following rye, but particularly oats, were 
greater in I976 than in 1975 as planting was at an earlier 
date. 
The differences shown among crops for ability to estab­
lish a stand could be related to many inherent factors of 
seed anatomy and physiology. It is known that SF and GS have 
a lower optimal temperature for germination than other crops 
(16). This may account for poor emergence in 1975 since soil 
temperatures at planting following oats were somewhat warmer 
as compared to those in 1976. Some S. including 'Amsoy 71" 
used in these experiments, have been shown to have decreased 
emergence at 25°C at deeper planting depths (27). This may 
have been a cause of the poorer emergence of S following oats 
in these trials. The potential allelopathic effects of roots 
and stubble noted earlier could have had an additional influ­
ence on germination in the DC systems. The explanation for the 
generally good establishment of the SS, FS, and PM is probably 
related to the development of these crops in hotter, drier 
climates and therefore a tolerance to low moisture and high 
soil temperatures at planting. 
Other effects of late planting may occur with DC systems. 
As mentioned previously, nutrient availability and amounts, 
particularly where nutrients may have been only shallowly in­
corporated or not incorporated at all could be a problem. 
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The relationships of date of planting and insect, dis­
ease, and other pest problems in this study was not noticeable 
excepting with SF where plantings following the small 
crains had less of an infestation of sunflower head moth 
larva and less bird damage than the SC planting. Other pest 
problems were present in the study but planting date did not 
affect their relative action. However, because life cycles 
of pests and their feeding habits are characteristic to dif­
ferent time periods, it must be concluded that date of plant­
ing in some years with certain pests could present a disad­
vantage or perhaps an advantage to later plantings. 
Recommendations for cultural practices in crop growth 
such as population, variety selection, and row spacing have 
been determined for crops planted at the normal planting 
dates. These recommended practices most likely differ with 
later plantings. McKibben and Oldham (55) in Illinois have 
shown a benefit to increasing population and decreasing row 
width with late-planted S. The effort was to make better use 
of sunlight as wider planted S do not fill in the rows as 
rapidly. 
Increased plant populations may be desirable in later 
plantings both to overcome poor stand establishment and to 
fill in space between rows to capture more sunli^t sooner. 
A lower population, however, may be desired as moisture and 
nutrient availability can be limiting at this time. 
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Depth of planting, if greater with later plantings, may 
put seed in contact with more moist soil and thus aid germina­
tion. This has been a recommended practice but could be sub­
ject to criticism as seedlings would have to emerge from 
greater depths, thus taking longer and delaying start of above-
ground plant growth. Additionally, if soil is crusted or 
problems with species exist such as those with 'Amsoy 71* S 
and others, then greater depths may actually limit stand 
establishment. 
Use of different methods of tillage following harvest of 
the first crop could improve stand establishment and crop 
growth. There have been many research efforts which have com­
pared conventional tillage with no-till or minimum-till 
systems. Results in most cases showed more moisture conserved 
in the top part of the soil with the latter systems. This 
resulted in production of better stands and in most cases 
better yields if and only if weeds were controlled which 
was a greater problem with no-till than with conventional 
tillage. With improvement in herbicide effectiveness and 
better no-till systems, the moisture problems associated with 
later plantings should be lessened with use of minimum 
tillage. 
The cultural practices mentioned above affecting the 
second crop may also be of importance to some extent with the 
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first crops. Developing shorter-season, fas ter-growing varie­
ties or increasing population and harvesting earlier are 
possibilities. This would be particularly true for oats. 
If alleopathy is a problem, this may need to be eliminated or 
reduced. Varieties with reduced water usage may also be 
helpful. 
Cultivar selection is of particular importance in DC, 
especially if the crop is very sensitive to photoperiod. The 
use of a different variety of SS in 1976 was probably responsi­
ble for its lower yield in 1976 than the previous two years. 
It was also shown in 1975 that SS planted in the SC system was 
actually shorter than in later plantings, indicating exces­
sive photoperiodic inducement after early planting. Pearl 
millet, FS and TC showed this effect, but not to as great a 
degree. Different com hybrids were used in the DC systems 
as compared to the SC, and different 63 and FS hybrids were 
used in the DC system involving oats. The effect of these 
changes on yield and quality could not be evaluated. It was 
assumed that long-season hybrids in these instances would not 
have matured by frost. 
Later planted crops, and in particular the grain and root 
crops, showed a greater production of vegetative to marketable 
DM than earlier planted crops. A change in distribution of 
photosynthates to different plant parts and the timings of 
these probably could improve both relative marketable yields 
and perhaps total plant yield. 
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The several questions left unanswered as a result of 
later planting suggests need for additional research as re­
lated thereto. Breeding efforts have been suggested as an­
other means of improving crops to fit better into a DC system 
(60), with inherent later plantings often a part of the sys­
tem. Also, breeding effects are logical as it should be 
possible to develop plants to match photoperiodic influences, 
redesigned structurally to capture more light, germinate and 
establish a stand under stress conditions, change grain to 
vegetative ratios, and many other factors that have been 
mentioned previously as problems with late plantings. 
Crop Nutritive Composition 
The ultimate nutritional value of any feedstuff is mea­
sured by animal response under a given set of conditions. In 
any study it is difficult to evaluate all the factors influ­
encing the quality of a feed. Additionally, the value of that 
feed differs as it makes up a varying proportion of alterna­
tive rations. Its value also depends on the class of live­
stock to which it is fed. 
In this study, the IVDMD and CP percentages of the various 
feedstuffs were estimated by laboratory technique only. Intake 
and palatability would define to a greater extent the overall 
quality of a feedstuff. The comparative percentages and yields 
of IVDMD and CP of crops and silages from different cropping 
systems are discussed. 
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First crop 
The IVDMD and CP levels of rye were greater than oats in 
each of the three years. In 1974, rye was immature at harvest 
and, thus, high in quality and low in yield as compared to 
oats harvested when more mature. In 1975 and 1976, the higher 
quality of rye was both attributed to an early harvest date 
and a more immature stage. 
Determining the relative effect of either calendar date 
or growth stage at harvest on small grain forage quality was 
difficult in this study. With oats, relative effect of date 
and growth stage tended to vary with years. Oats in 1975 
were harvested at about the same calendar date as OL in 197^, 
yet the quality of the 1974 oats was higher than in 1975» The 
1974 crop was closer to maturity. Results of this study, 
therefore, differed from that of Grabouski and Moline 
(28) who indicated percentage IVQWD decreases with advance to 
maturity. Masuda (53) has shown with oats that higher tem­
peratures resulted in lower percentage IVDMD. Temperature 
effects may have been responsible for the differences. For 
rye harvested earlier (calendar date) in 1976 than 1975, and 
at a slightly earlier stage of growth, IVDMD as expected was 
higher but CP was not. 
Silages made from these small grain crops would be judged 
as good products on visual observation. Odor and consistency 
were favorable. The oats silage IVDMD was quite low in most 
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instances being 2 to lOfè units in IVDMD below that of the 
fresh material. Decrease in IVMD with rye upon ensiling 
was minimal. Crude protein decrease on ensiling was minimal 
with both crops. 
Yields of nutrients of these two small grain crops were 
not different in 1975 and 1976. Rye and oats yields were 
almost identical in 1975 but the quality of rye was better 
resulting in higher yields of nutrients. In 1976, quality of 
oats was poorer than rye but yield of oats was better resulting 
in slightly higher yields of nutrients for oats than rye. In 
1974, OE and OL yielded more nutrients than rye. This resulted 
from the substantially higher yields of oats even though rye 
was higher in percentage IVW-ID. 
It would appear from the results of these studies that 
rye will produce acceptable yields of high quality forage in 
comparison to oats. Although greater in DM yield, the oat 
nutrient yields were similar to rye but of lower quality. 
Quality of forage is often more important than yield of forage 
nutrients. This is so because animals require certain amounts 
of nutrients and these must be met within consumption limits. 
Percentage IVDMD of oats varied from year to year. Although 
the digestibility of fresh forage was above the ruminant 
animal requirement (e.g., a 450 kg dry, pregnant, mature cow 
for maintenance, 52^ TDN, $,9^ CP) (59)» the silage was at 
best marginal. As mentioned in the results, these lower values 
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for silage may be artifacts of the laboratory methods used. 
Requirements for production for other classes of ruminants 
such as with dairy cattle or feeder steers would be higher. 
In those instances, oats would be marginal in feed value. 
Protein levels of rye would meet most requirements of most 
ruminants for maintenance and production. Oats was lower in 
percentage CP and although adequate for the beef cow may be 
limiting for other classes of livestock which require higher 
levels of CP. 
Not only does rye appear to be superior to oats in the 
aforementioned conditions but it is harvested earlier than 
oats. Thus the second crop can be planted earlier. This is 
beneficial to producing higher yields of the second crop. 
Rye also produces forage in the late fall and early spring. 
Although this production is small the quality as suggested by 
the hi^er analysis (ça. 78^ IVJMD and 135^ CP) for the immature 
forage in 1974 would provide animals with a good quality for­
age replacement for hay. It could even replace some concen­
trates in the ration. For grazing, rye would supply nutrients 
when growth of most species is minimal. 
From the results of the study, rye appears to be a more 
favorable alternative for DC than oats. Future studies might 
include earlier harvests of oats which could improve quality 
of the forage in comparison to rye. The 1974 data with oats 
suggest that acceptable yields of high quality forage can be 
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obtained with a somewhat earlier date and stage of growth at 
harvest. This early harvest would benefit the planting of the 
second crop of the DC system. 
Main crop 
There appeared to be only a small effect of the different 
cropping systems on the nutritive composition of the various 
crops. In general, the nongrain crops and the residue of grain 
crops were higher in quality, especially percentage CP, upon 
harvest of the later planted crops. This higher quality of 
the later planted crops was not sufficient to result in a 
higher yield of nutrients because yields of these crops were 
greatly inferior to earlier planted crops. These nongrain 
crops and residues were relatively low in quality and, if fed 
to livestock as the sole feed, would provide only marginal in­
puts of nutrients. In most cases, especially for livestock 
being grown specifically for meat or milk production, some 
energy supplementation and moderate to high inputs of protein 
would be required. 
The grain-type crops (CS, CG, GS, S) excepting for SF, 
tended to decrease in digestibility with later plantings. 
This response was related, to a great extent, to the grain to 
vegetative ratio of the plants. With later plantings, less 
total light is available for grain production whereas vegeta­
tive production may develop fully. Thus, as lower quality 
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vegetative matter is increased, it may occur at the expense of 
highly digestible grain with the result that the overall crop 
quality is decreased. Other factors such as moisture and 
temperature also affect this grain to vegetative matter ratio. 
In this study, the later plantings in almost all cases re­
sulted in less grain to vegetative matter. Because SB and SF 
parts were similar n digestibility, the overall effect of 
any change in grain (root) to vegetative ratio had no effect. 
The CP percentage of the grains and root, similar to the 
other crops and residues mentioned earlier, increased slightly 
with the latest plantings. The grain to vegetative ratio did 
not affect the overall result of CP being higher for later 
plantings because both plant parts increased in CP percentage. 
As was the case with the nongrain crops, the poorer 
yield with later plantings greatly overshadowed any slight 
increases in nutritive value and therefore the yields of nutri­
ents were less with the latest plantings. 
There were greater differences among species within sys­
tems than for species across systems. Sugarbeets were highest 
in percentage Ivn.lD (ça. 90#) because of the high amount of 
readily digestible sugars. A sugar analysis of SB roots showed 
ca 15% sugar on a fresh weight basis which is typical 
of SB for processing (E. L. Swift, American Crystal Sugar Co., 
Rocky Ford, Colorado, personal communication). The high 
percentage IVDT© values for SB tops may not be realistic 
I 
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because of the known solubility of the high ash concentrations 
in in vitro techniques which is not present in vivo. The 
grain-type crops (OS, CG, GS, and S) excluding SF were below 
SB in digestibility, but considerably above the other crops. 
The influence of highly digestible grain is shown. Seed 
quality of SF was low mainly because of the low digestibility 
of hulls. When considering the whole plant, S were higher in 
percentage CP than any of the other crops, all of which were 
within five percentage units of CP of each other. Tops of 
SB as well as SF seeds were appreciably higher in percentage 
CP than any of the other biomass materials excepting S seeds. 
The levels of CP, however, were not hi^ enough to offset 
other parts of these crops, being lower in percentage CP. 
It is worthy of mention that SF and S grain changed substan­
tially in digestibility and CP from 1974 to 1975» Reasons 
for this are not totally known. This suggests a need for 
additional effort on quality determination of grains for sale. 
Grain sorghum grain also differed over years but this can be 
attributed to the immature grain as a result of early frost 
in 1974. 
Yields of nutrients of the various crops were in line in 
most cases with the M yields of the crops. Exceptions were 
S which was the lowest DM yielding crop but among the highest 
in CP yield. Com for silage and CG were in some cases 
lower yislders than FS and SB, Their superior quality. 
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however, made these two corn crops in the SC system the 
highest yielding in I VIM) and among the highest yielding 
in CP. 
Yields of total nutrients, either IVDMD or CP, from 
biomass were greatest for the DC system involving OE in 1974. 
In 1975, the SC and rye-DC systems resulted in yields which 
were similar considering both crops in the system. The OL 
system of 1974 and the oats-DC system of 1975 were lowest 
in total yielders of nutrients. Regardless of systems and 
whether or not the first crop yield of nutrients was con­
sidered, CS in the SC system produced, in general, the 
greatest amount of high quality biomass of any crop or crop 
combination of any system. Even though the percentage CP 
of CS is lower than some other crops, the overall higher 
digestibility and the total yield of nutrients make this 
crop one of the very best for production of feedstuffs for 
livestock. 
Other crops studied here have their place in providing 
nutrients to ruminants, however. The timeliness of nutrient 
production, type of livestock to be fed, the specific use 
and proportions of the crops being fed, and, finally, the 
other quality characteristics influencing intake and palata-
bility will all influence the real worth of these various 
crops. 
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Silage 
Ensiled crops ranked relatively the same in percentage 
IVDMD and CP as fresh material when considered over systems 
or among the species themselves. The percentage IVDMD did, 
however, change upon ensiling of the crops, showing a large 
(1 to 15 percentage units) decrease compared to fresh material 
in 1974. In 1975» the decrease was less (0 to 9 percentage 
units). 
As alluded to earlier several explanations may account 
for these decreases in percentage IVDMD upon ensiling. Di­
gestible DM may have been lost during ensiling and in sample 
preparation for laboratory analyses. Because better techniques 
were employed with the 1975 silage samples, greater validity 
can be placed in these values. The differences between years, 
however, is also e:q)lained in this way to some degree. Because 
these silages were freeze-dried for sample preparation, little 
(<5^) DM loss should have occurred, however (99)* A more 
plausible explanation for these IVDMD decreases with silages 
is that of the particular jji vitro procedure used to evaluate 
the samples for digestibility. As mentioned earlier, a longer 
first phase of the in vitro procedure may be required to allow 
microbes of the system to utilize volatile fatty acids produced 
during ensiling. Schmid et al. (77) have shown that, with the 
direct acidification, in vitro method, as used in this study, 
correlations with in vivo values of com and sorghum silages 
(high digestibility) were low. The procedure was well corre­
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lated with in vivo studies* however, when considering the 
silages of lower digestibility. This relates to the present 
study as it was noted that both higher quality and higher 
grain component crops were typified by the greatest decrease 
in percentage IVDMD. The poorer quality crops, however, showed 
very little decrease. This was the case with the small grains 
as mentioned earlier. It is logical to assume that crops upon 
ensiling decrease in digestibility to a small extent from loss 
of highly digestible nutrients. A proportionate increase in 
fibrous, lesser digestible material material would result. 
Thus, we would expect an overall lower digestibility. The 
fact that percentage CP in several cases was higher upon en­
siling supports this reasoning as DM easily lost is that of a 
nonprotein type. The relative amount of CP increases propor­
tionately. 
Two crops which showed unusually Isirge decrease of per­
centage IVDMD upon ensiling were PM and in particular SF stover. 
Reasons for this decrease with SF stover were attributed to 
losses during lyophilization as a result of a high pH. The 
reason for the decline of percentage IVDMD in PM is not known 
but may be related to this very light and fluffy material not 
allowing air to be totally excluded upon ensiling. Undesirable 
silage fermentation could have resulted in reduced digesti­
bility. 
Two factors closely related to the moisture content of the 
crop are i (1) the ability to ensile that crop and (2) the 
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resultant quality of the silage. Com for silage was the only 
crop at optimal moisture (60 to 65^) for ensiling at harvest. 
All other crops were 70^ moisture or more. Small grains were 
slightly hi^er and SB tops were very wet (8555 +). Drying is 
a necessity with most crops, either by cutting and field-drying 
or allowing them to dry down on the stalk by delaying harvest. 
Handling of the small grains requires at least one day for dry­
ing before ensiling. Tops of SB, being extremely wet, did not 
dry down to optimal moisture even following five days of field 
drying. Mechanical drying to speed drying of these high-
moistures would obviously be advantageous, but not necessarily 
economical. 
Finally, the nutritive values of these crops resulted 
from the specific conditions of this study. Because the 
quality indices studied here were determined in a laboratory, 
the values could differ from in vivo results. The relative 
rankings however should prevail. 
Combustible Energy 
Combustible energy content 
There has been increasing interest in the use of crops 
or crop residues as an energy source in recent years. The 
suggested uses of biomass resulting from crops or crop residue 
for ener^ have varied from gasification, to production of 
alcohol, and to use as fuels burned directly for steam genera­
tion in electrical power plants. The latter use was the main 
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thrust behind the evaluation of the various crops and residues 
in different cropping systems in this study. 
Data indicated little difference in heating value at­
tributable to cropping systems under study. On a 1^ basis, 
the difference in crop maturity or time of growth and harvest 
had little effect on their heating value. 
Some sources suggest little difference in energy value 
among various types of biomass when considered on a DM basis. 
This study indicated a significant difference among crops and 
crop residues for heating value. In both 1974 and 1975# SB 
tops and SF stover were, compared to other crops, considerably 
lower in energy (<3800 cal/g). Pearl millet was sli^tly lower 
than other crops, whereas com cobs, S stover, and GS panicles 
and the small grains were considerably higher (>4lOO cal/g). 
Other crops and residues averaged around 4000 cal/g. Values 
for 1975 were approximately 150 cal/g greater than in 1974. 
The reason for this difference may be real but is more likely 
a result of minor changes in technique used with the bomb 
calorimeter. 
The overall values obtained in these studies are somewhat 
conservative as compared to values quoted elsewhere (1,70). 
The physiographic conditions inherent to the biomass produc­
tion may be responsible for some of this difference; however, 
the lack of differences among systems in our study would sug­
gest little effect of ëîiVirôîmênt within location. The reason 
for somewhat higher quotations of energy value likely results 
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from the particular laboratory methods involved in caloric de­
terminations. In this study, corrections were made for the 
heat of combustion of formation of HNO^ and partially for 
HgSOjii, and for the fusing wire, all within the calorimeter. 
It is known that many workers often neglect these corrections, 
accounting for slightly greater heating values. 
Energy values determined by bomb calorimetry are often re­
ferred to as high heating value (HHV). The heating value from 
bomb calorimeters includes heat of condensation given off as 
the water vapor released from plant tissue during combustion 
and condensed within the bomb. In a steam generating plant the 
temperatures are high enough that this water vapor from plant 
tissue is lost from the stacks before condensation occurs to 
release that heat. This would suggest that one needs to know 
the heating value referred to as low heating value (LHV) of 
plant materials to know their actual heat (or energy) producing 
values for the power plant situation. The LHV can be calculated 
if the exact chemical composition of the material is known. 
With coal and gases, only minor amounts of water molecules exist 
and thus the LHV and HHV are not greatly different. With the 
biomass, however, a substantial portion of the mass is made up 
of cellulose or similar molecules with a formula of 
Considerable water molecules thus are present. As an example of 
the decrease from HHV to LHV, if 1 g of was burned in 
a bomb calorimeter# 4178*8 calories would be produced (IQQ); 
The LHV can be calculated by the formula (^) Qj, = Q^j - 1040w, 
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where is the low heating value in BTU/lb, is the hi^ 
heating value in BTU/lb, 1040 is the factor to reduce hi^ 
heat of combustion at constant volume to low heat of combus­
tion at constant pressure, and w is the pounds of water formed 
per pound of fuel. The LHV in BTU/lb can be converted to 
cal/g by dividing by 1.8. Upon calculation, this formula 
gives 321 cal/g less or 3857*8 cal/g for LHV for cellulose. 
Sheppard (W« J. Sheppard. Battelle Laboratories, Columbus, 
Ohio, personal communication) has calculated LHV for cozn 
residue and gives values for total com crop residues that are 
316 cal/g different in HHV as compared to LHV. He quotes com 
cobs a HHV of 4288 and a LHV of 3966 with a difference of 322. 
Thus, differences calculated by Sheppard are very close to 
that of cellulose. For the present study, a value of about 
320 cal/g was accepted for subtraction from the HHV. It must 
be cautioned that no chemical composition analysis was made on 
this material and, therefore, some crops or residues may 
differ sufficiently in composition to affect LHV's. An obvious 
example can be cited. Lignin, which is known to be present 
in greater proportion in legumes such as S (as compared to 
grasses) is composed of proportionally less water molecules. 
Thus, lignin as a compound, and crops with more lignin, would 
not differ as much from a HHV to a LHV as would those with 
less lignin. 
Not only does the water portion of the Or^mlc molecules 
limit heating value of biomass but also free water in the bio-
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mass itself decreases the heating value of the plant material. 
The heating values cited in the Results and Discussion (Tables 
48 and 50) are on a DM basis for comparative purposes. 
Biomass in the field varies in moisture depending on the 
species, maturity, environmental conditions, and many other 
factors. The results of the study of HHV of CG cobs and 
stover, and S stover of different moisture percentages showed 
an increase in moisture of the residues decreased the heating 
value. This occurred as a straight line relationship over the 
range of moistures surveyed. If the moisture percentage is too 
high this straight line relationship, may not hold. Also, if 
moisture is too high, the biomass will not contain enou^ 
energy to evaporate the water in the material. 
If crops or residues are to be collected, transported, 
and burned in power plants, drying by natural means to a low 
moisture percentage will aid in producing biomass with a good 
heating value and a product which will not result in trans­
porting a large proportion of noncombustible water. The mois­
ture percentages of the residues tested were of the normal ran 
range (10 to 35%) found in the field shortly after harvest. 
Whole crops harvested at approximately 70% moisture could dry 
down to the above 10 to 35^ moisture range in 2 to 5 days fol­
lowing cutting provided normal fall conditions prevail. 
The high correlation and straight-line relationship of 
lower energy values with increased water content are such that 
the heating value of a residue at a particular moisture per­
centage can be determined by simply assuming that the portion 
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of material that is DM would have the same heating value as a 
DM sample of this material. Thus, one can multiply the pro­
portion of the material that is DM by the heating value of 
the material without moisture present. This calculation is 
based on the assumption that can be inferred from the results 
of the direct relationship of heating values to percentage 
DM, namely that moisture had no alteration effects on the 
chemical composition of the DM itself. The material used in 
this study were samples dried from the moisture content at 
harvest and were then reconstituted with water for analyses. 
No effects, therefore, of natural field drying were determined 
in this analysis. 
It would be of value to make a study of biomass energy 
values over a period of drying and weathering in the field to 
determine the effects of time on the resultant energy value. 
Vetter (R. L. Vetter, Dept. of Animal Science, Iowa State 
Univ., Ames, Iowa, personal communication) has shown that 
leaves of com residues have lower heating values than the 
other portion of the com residue. As leaves are lost rather 
rapidly during dry down and weathering, the energy value of 
residue could increase with time in the field. It is also 
probable that recurring frosts before and after harvest may 
affect chemical composition and the relative proportions of the 
biomass M. This in tum may affect heating values of the 
crops. 
Also worthy of mention is the variation in moisture at 
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harvest time of the crops and residues. Soybean stover was 
the driest at harvest whereas CG stover and cobs, GS panicles, 
and SF stover were characterized by higher moisture contents 
at harvest. Rye, oats, OS, TC, ES, SS, FM, and GS stover were 
relatively high in moisture at harvest with SB tops being very 
high. These hi^ contents would obviously limit, in some 
cases, the use of certain species as drying time in the field 
would be prohibitive. Timeliness of harvesting in the fall 
is a concern, particularly with the grain crops, but the crops 
used normally for forages could be allowed to dry with no 
interruption in harvest. Dry matter losses may occur upon 
drying in the field and thus with later processing the actual 
yields of DM could be lower than those quoted in this study 
where yields were determined immediately following harvest. 
Potential of biomass to supply the energy needs of Iowa 
The most widely grown crop in Iowa is com for grain. 
Residues from this crop usually remain on the land; however, 
some have always been utilized for animal feed. There is also 
a great potential for these residues to supply energy. The 3-
year average yield of com residues in this study was 8.12 
mt/ha of EM in the SC system. The 1974-1975 average HHV, on 
a DM basis for this residue was 4059 cal/g. This is a 
weighted average for com cobs and stover energy values. A 
typical moisture content at the time of collection of these 
com residues into bulk packages is 25?^. The weight of these 
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residues at 25?^ moisture would be about 10.83 mt/ha (8.12/ 
0.75). The HHV at this moisture content would be approximately 
30# cal/g (4059 X 0.75). Subtracting an average value of 
320 cal/g to adjust the HHV to a IHV as discussed previously 
we have a resultant LH7 of 2724 cal/g. Therefore, we have 
approximately 2.95 x 10^° cal/ha available from this residue. 
If these residues were to be utilized as a combustible fuel 
source in a power plant, the residues would most likely be 
collected by stacking or baling machines in the fields fol­
lowing com harvest. Ay re s (3) suggests that these machines 
have a harvesting efficiency of approximately 63^, thus at 
this efficiency 1.86 x 10^® cal/ha could be collected. 
The total amount of energy consumed as natural gas, fuel 
oil, and coal by Iowa utilities in 1975 was 3*84 x 10^^ cal 
(37). It would thus require approximately 2.06 million ha of 
residues yielding the equivalent of those in this study to 
replace the fossil fuels used by Iowa utilities in 1975-
This hectarage is approximately 4ljS of the 5'04 million hec­
tares of com grown in Iowa (1975-1976 average) (36). 
The yields of residues in this study are substantially 
higher than those expected for the state average. Average 
com grain yield in Iowa in 1975 and 1976 was ça. 4770 kg/ha 
of DM (36). Com grain is known to account for slightly 
less than 50?5 of the total DM of the com plant (32). Thus 
it can be assumed for practical purposes that the average yield 
of com residue for 1975-1976 in Iowa was about 4770 kg/ha of 
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DM. Making similar assumptions as above, this material col­
lected at 25^ moisture would weigh 6360 kg/ha and have a LHV 
of ça. 2724 cal/g. The total energy available, on the aver­
age, on 5*04 million hectares in Iowa would be 5*52 x 10^* cal 
(6360 k^ ha X 1000 ^ kg x 2724 cal/g x 5'04 x 10^  ha x .63 
harvest efficiency) or about 1.44 times as much energy as 
consumed by utility companies in Iowa in 1975* 
Fuel farming, a practice of growing crops solely for bio-
mass production, has been recently advocated by various per­
sons and groups (1,8?). Although this may conflict with food 
production to some extent, it is of interest to determine the 
feasibility and potential conflict of such an enterprise. In 
analyzing the various crops and systems, particularly from 
1975-1976, it was shown that the rye-SS DC system produced 
the greatest total DM (23.29 mt/ha). Also in 1975 it had the 
highest yield of calories per hectare. We can assume that 
the total DM yield of rye-SS is an achievable goal under aver­
age management on productive soils. In this study, no ex­
cessive rates of fertilizers (N particularly) were used and 
both growing seasons involved below normal moisture levels 
for the summer. Whether a fuel farm involving DC is feasible 
can be illustrated using a rye-SS, DC system which produces an 
average of 23.29 mt/ha of which 4.65 mt/ha is rye. The 1975 
energy value of ça. 4119 cal/g for 88 and 4253 cal/g for rye 
can be used. If one also makes the assumption that the crops 
are harvested and allowed to dry to 25^ moisture for handling 
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and processing and that no significantly large DM losses occur 
during drying or harvesting then 2^.85 mt/ha would result for 
SS and 6.20 mt/ha of rye. Energy values of 3089 cal/g and 3190 
cal/g can be calculated, respectively. Subtracting 320 cal/g 
to convert to a LHV we have 27$9 cal/g for SS and 2870 for rye. 
The total yield of calories per hectare for the two crops is 
ça. 8.66 X 10^®. To supply the total fossil fuel input (3*84 x 
10^^ ca.) to produce electricity in Iowa in 1975 would require 
443,418 ha of productive Iowa land or about 8,8# of the total 
com acreage in Iowa. 
• The various figures above represent potential harvestabie 
energy from plant biomass. These potentials would obviously 
be lowered by lesser yields, harvest and processing effi­
ciencies and losses affecting both yield and calories value, 
and weathering damage during field drying which also could 
affect yield and caloric value. 
Although the potential exists to replace fossil fuels in 
Iowa with biomass, the feasibility and economics of the 
overall process must be considered. It was not the intent of 
this dissertation to answer these questions involved in actual 
utilization of biomass in power plants, yet it is of value to 
consider some of the constraints and limitations of biomass 
use, along with the positive aspects. 
Production know-how and equipment for producing this bio-
masB are already iji cQimon use. Stackers and balers presently 
used to package hay and crop residues are available. The 
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collecting of residues, or fuel farming in general, would most 
likely take low priority at harvest time in comparison to 
harvest for grain. It also would compete for time utilized in 
preparing the soil for crops of the following, year. This low 
priority may result in weathering and later harvest losses 
during collection. Total available time for collection "before 
the onslaught of heavy snows would limit harvesting and 
therefore limit total amounts collected. In recent years, 
crop residues have been used for ruminant feed sources during 
winter months which would be in direct conflict for use as an 
energy source directly. The total usage of residues in Iowa 
for feed is rather small (ça. lOjS) at present (R. L. Vetter, 
Dept. of Animal Science, Iowa State Univ., Ames, Iowa, personal 
communication)* Because they are of low feeding quality, 
and the costs of collection are high, future use may not in­
crease greatly. 
The total removal of these crops and crop residues from 
Iowa farmland dare not be considered. Removal of total bio-
mass from the soil surface would increase wind and water ero­
sion, decrease organic matter, resulting in poor soil structure 
and decrease nutrients that may be returned to the soil from 
the residue. Shrader (81) suggests that under good Iowa soil 
conditions, only O.75 T/A (or ^ ) of the com residues present 
can be removed and still maintain acceptable soil characteris­
tics and lirait erosion* This could be accomplished by removing 
half of the residues from heuLf of the land annually. 
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The ability to deliver this biomass material to the power 
plant is characterized by some inherent problems. The bulk 
density of biomass is low in comparison to coal and, therefore, 
sizeable increase in transport miles would need to be involved 
to move as many calories from biomass as the equivalent from 
coal. As biomass would need to be supplied continually to 
the power plant, storage facilities either on the farm or at 
the power plant would need to be sizeable to handle the bio­
mass required. Residues are typically harvested during one 
short period of the year. In a rye-DC system on a fuel farm 
the rye crop would come off at a different time and thus pro­
vide small amounts of off-the-field biomass at another part of 
the year. If open storage is used, than a different percentage 
of moisture of the biomass would occur at different times be­
cause of rain and snow. Resultant heating values would vary. 
Processing and combustion of biomass at the power plant 
has only sparingly been accomplished. In Ames, Iowa, com 
residues were utilized as a fuel source in conjunction with 
coal in the ratio of about 20^ residues to 80^ coal. The actual 
limitation and problems involved in utilization of biomass in 
the Ames plant may not have all been realized; however, 
in a general sense the process is a feasible system (8). 
Biomass in some respects is a better source of energy 
than fossil fuels. Crops as compared to coal are lower in 
sulfur (29); In general they bum cleaner# thus decreasing 
the polluting potential of the electrical generating plant. 
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This could eliminate the need for costly • smoke-stack emission 
control devices. Burning this biomass with coal in the 
approximate proportion mentioned would have a diluting effect 
on the coal's polluting potential and thus make this combina­
tion more environmentally favorable. The utilization of ash 
of the plant biomass for fertilizers may be practical assum­
ing mineral contents do not become unbalanced or change to an 
unavailable form upon combustion. 
The economics of utilization of biomass for fuel is an 
additional area requiring consideration, this from both 
monetary and energy balance aspects. The price of fossil 
fuels will largely determine the relative value of biomass. If 
costs of growing, harvesting, transportation, and storage can 
be compensated for by prices paid at the plant then the 
production and usage of biomass could become an alternative 
energy source. Use of residues where production costs can be 
shared with other crop parts sold may give crop residues an 
added economic advantage. 
The energy balance of the whole system of biomass utiliza­
tion must also be assessed to determine if the energy re­
ceived from biomass is greater than that used to make it an 
economic energy source. Heichel (35) has shown that food 
calories from production of crops was approximately five times 
the amount of culture energy input- As the food calories 
would be lower than total calories produced, production of 
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total biomass or crop residues for fuels should have even 
a more favorable energy balance. Some energy inputs» particu­
larly in harvesting or transport of biomass for fuel, may not 
be the same as for food. Therefore, these energy inputs must 
be considered to evaluate the energy balance more specifically 
for production and usage of biomass for fuels. 
One method of utilization that may create a positive 
economical and energy balance is the on-site utilization of 
this biomass to produce heat and electricity for the various 
needs of a farm or ranch. 
It appears that the biomass resource in Iowa is indeed 
great and it has the characteristics and potentials to make it 
a good combustible fuel source. The economics and energy 
input, however, need to be positive before development will 
occur. 
Feasibility of Various Crops in Different Cropping 
Systems for Feed Nutrients and Combustible Energy 
The thrust of the present study was to determine the 
suitability of various crops to different cropping systems for 
production of feedstuffs and combustible energy. A look at 
each crop with respect to its productive capabilities is 
essential. 
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First crop 
Rye As a first crop, rye serves many important posi­
tive functions in a DC system and provides a good source of 
nutrients and energy, along with advantages for conservation 
use. Rye is a most winter-hardy small grain that tolerated 
severe Iowa winters in this study. It can he seeded late in 
the fall and will still establish a good cover for wind and 
water erosion control during the winter. It also starts 
growing early in the spring, providing good cover then 
possibilities of quality grazing both in the late fall and 
early spring. Rye also produces fair yields of quality forage 
at silage harvest time. It matures earlier than oats and 
therefore can be removed earlier in the spring. This allows 
for an early start of a second crop. Rye has a good caloric 
content if use as an energy crop is desired. Two drawbacks 
of rye are its high moisture percentage at harVest, requiring 
drying before use as a silage or fuel source. It also leaves 
a very fibrous root system which may cause problems with till­
age for the second crop. 
Oats Oats, although a good yielding forage of high 
energy content and of average quality, has nevertheless some 
disadvantages as a small grain to be used in a DC system. It 
has no early spring grazing or fall grazing potential such as 
rye. It is a cool-season annual and provides no winter con­
servation benefits. Winter oâts ârê grôrm in areas consider^ 
ably south and east of Iowa. Planting of oats can be delayed 
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in the spring, making it an even later crop. This is not an 
advantage to DC systems as planting of the second crop is 
delayed. Oats does not have a heavy fibrous root system such 
as rye. Like rye, however, it must be dried after harvest 
to be either ensiled or used as a fuel source. 
Main crop 
Com Com does not lend itself readily to DC systems 
as DM production even with early hybrids decreases greatly 
with later plantings. Stand establishment also is a problem 
with late plantings. Corn, however, is an excellent biomass 
producer when planted early such as in a SC system. It is high 
in percentage and yield of IYISSDî The cob and stover make the 
whole crop or parts of it excellent sources of combustible 
energy. As the most common crop grown in Iowa, it has a tra­
dition of being an excellent crop for many purposes. 
Tropical com This com crop, althou^ visually pro­
ducing large rank growth does not compare to hybrid com as a 
high-yielding quality crop. Energy content is acceptable but 
the fact that it is lower yielding and of lower quality makes 
this crop inferior overall to hybrid com in a SC system. In 
a DC system, the lack of good ear formation still prohibits 
this tropical type of com from producing more than hybrid 
com. Yields do not decrease, however, as much with later 
planting, which is an advantage. 
207 
Sorghiim-sudangrass hybrid This species can, with 
proper cultivar selection, be a very high DM producer, greater 
than that of com. It grows well during dry weather with 
little or no emergence problems in DC systems. It produces 
well with little decrease in yield as plantings are delayed 
up to mid-June. The energy content of SS is acceptable and 
excepting for a period needed for dry down in the fall, would 
appear to be an excellent crop for biomass production. The 
nutritive value of SS is below that of com as is the nutrient 
yield. The use of this crop as an overall good feed source has 
limitations. 
Forage sorghum In many respects PS is similar to SS 
and as yields, nutritive value, and energy content vary within 
the ranges of SS, it could be used interchangeably with SS. 
Pearl millet Although apparently similar in culture 
to PS and SS, in this study, FM tended to be slightly inferior 
in yield, nutrient percentage, and nutrient yield and also in­
ferior as an energy crop and silage crop. This was true in 
both SC and DC systems even though it performed well following 
a rye harvest. 
Grain sorghum This crop showed variability in growth, 
yield, and quality and must be considered inferior to com 
under the conditions of this experiment. The residues are 
comparable in quality and energy content to those of com but 
susceptibility to pest damage and poorer overall performance 
does not suggest the use of this crop for grain in preference 
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to com. It may produce somewhat better than com in a DC 
system but its DM yields tend to be lower overall regardless 
of the cropping system. 
Sunflowers The cultivar of SF used here resulted in 
poor yields, poor overall quality, and lower energy value than 
most crops in the experiment. Pest damage with this crop was 
also severe. In a DC system, SF produced well following rye 
in relation to other systems studied. It was still inherently 
low in yield and quality, however. The stover of SF was fairly 
hi^ in nutritive value compared to other residues but quality 
seemed inferior upon ensiling. Energy value was low. Other 
cultivars of SF such as the new hybrid SF or the confectionery 
types of SF may prove better than this cultivar. Until this 
is proven, however, SF does not appear to be of high potential 
in Iowa for feed or fuel in most situations. 
Soybeans Although poor in DM production, this crop 
produces good quality seed which is higji in nutritive value. 
Soybeans also fit extremely well into a DC system with rye. 
Little decrease in yield occurred following rye. Energy 
content of the stover is high but yield is low. As it is an 
economical crop in Iowa presently, it holds great potential 
as a crop in a DC system with some of the residues having a 
potential as a fuel source. As a feedstuff S stover is 
low in quality. 
Sugarbeets Under conditions of this study- SB did not 
perform as well in Iowa as in other states. Heavy soils 
209 
seemed to be a disadvantage. Sugarbeets appeared most adapted 
to a SC system as yields declined appreciably with later plant­
ings. Both nutritive value as a feedstuff and sugar content 
are excellent in Iowa. If tops can be dried quickly these 
residues would appear to have a place as a quality feedstuff 
at least for part of a ration. The tops, however, are very 
low in combustible energy value and high in moisture and ash, 
and may not be of use for this purpose. 
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SUMMARY AND CONCLUSIONS 
Summary 
Food and energy supplies, both in the U.S. and the world, 
have been major topics of concern, particularly in recent 
years. The presence of a limited quantity of fossil fuels has 
prompted the search for sources of energy which are readily 
renewable. Plants, which capture energy of the sun and fix 
COg are a constantly renewing source. This biomass can be 
converted by various methods to develop readily usable energy. 
Double cropping has been a suggested method for adding 
to the potential feed and food supply. Little use has been 
made of DC in the northern U.S. because of a short growing 
season. There has been minimal DC west of the Mississippi 
River because of lack of adequate summer moisture. 
The purpose of this study was to examine through DC 
systems the potential of biomass as a resource for supplying 
feed, food and energy in Iowa. Ten main crops (CS, CG, SB, 
TC, S, SF, PM, FS, SS, 6S) were grown alone in a SC system and 
following rye and oats harvested for forage in DC systems. Dry 
matter yields were recorded for whole plants and plant parts. 
Estimates of nutritive composition were obtained by determining 
the percentages of IVDMD and CP of these plant materials. A 
bomb calorimeter was used to measure the direct combustible 
energy of these biomass materials» 
Dry matter yields of most main crops declined with later 
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plantings in the DC systems, especially following oats. Some 
crops, such as SF, PS, SS, PM, TC, and S decreased little in 
DM yield following rye or early harvested oats. Greatest total 
biomass yields were recorded for the rye or OE-DC systems, 
particularly these small grains with the tall-growing, warm-
season annual grasses such as FS and SS. Somewhat lesser 
yields were recorded for OS and CG in the SC systems. With the 
grain-type (or root) crops (CG, CS, GS, SF, S, SB), later 
plantings resulted in a lower harvest index indicating shortage 
of light and moisture necessary for optimum marketable yields. 
Later dates of planting and therefore less growing season, 
poor stands, and lack of moisture were responsible for most 
yield decreases in the DC systems, particularly following later 
harvested oats. Dry matter yields of the first crop were in 
general greater for oats because of growth during more favor­
able environmental conditions and harvest occurring at a later 
stage of growth. Rye, however, produced good DM yields with 
the added advantage of earlier harvest. 
Nutritive composition typified by both IVDMD and CP per­
centages, varied little across cropping systems, but were 
slightly higher for CP of the main crops following oats. Per­
centage IVDMD increased sli^tly for the forage-type crops 
(PM,FS,SS,TC), but remained the same or decreased slightly 
with late plantings of the other crops. This was attributed 
to the relative digestibility of the parts of the plant and 
the ratio of these parts. Grain quality was generally superior 
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to vegetative matter as was grain (or root) type crops to the 
mainly vegetative crops. Com for silage or CG in the SC 
system yielded very high amounts of IVDMD and CP. Forage-
type crops, although high in DM yield were lower in nutritive 
value, thus yielding not only less total nutrients "but being 
lower in potential feeding value. Rye, under the conditions 
of this experiment, was of better quality than oats althou^ 
the yields of nutrients in some instances favored oats. 
Combustible energy of biomass varied little with the 
cropping system involved. Energy content varied significantly 
(P < 0.01) among plant materials with SB tops and SF stover 
being decidedly lower and com cobs being higher than most 
other biomass materials. As moisture content of biomass in­
creased the heating value decreased in direct proportion. 
It was shown that the potential exists for com residues 
in Iowa to provide ample energy to generate electricity for the 
annual needs of the state. Although the calculations allow for 
some residues to remain, removal of quantities large enou^ to 
supply all the energy may not allow sufficient biomass to re­
main for soil conservation purposes or grazing needs. 
Conclusions 
Based on the results of this study and under the condi­
tions present, several conclusions can be made concerning DC 
for feed and energy. Rye appears to have an advantage over 
oats as the first crop for forage in a DC system. It produces 
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average yield of acceptable quality forage being harvested 
early enough so that yields of some second crop are not de­
pressed. The conservation aspects and grazing potential of 
rye are promising because of its overwintering nature. Oats 
may be a possibility as the first crop of a DC system if 
planted early and harvested by early June. 
Com, GS, and SB do not lend themselves easily to DC 
whereas the other crops of the study do but only following rye 
or early harvested oats. 
A DC system involving rye and an appropriate hybrid of 
FS or SS produced the greatest total biomass per year. How­
ever, CS or CG produced the greatest amount of high quality 
nutrients per year when grown alone. 
Sugarbeets, because of poor taproot growth and below 
average yields compared to that obtained in other states, do 
not appear to be potentially useful in Iowa. In other states, 
however, this crop is an excellent producer with hi^ nutritive 
content in the residue but of poor combustible energy value. 
The SP and TC in this study were inferior to other crops as 
quality or high energy producing biomass. 
A rye (for forage) - S DC sy-tem is characterized by 
particularly favorable attributes as the rye is harvested early 
and does not depress following S yields. Additionally, S are 
harvested early in the fall which would permit early rye plant­
ing. The S crop also supplies N necessary for rye growth. 
Early harvest of CS in the fall would also allow early 
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planting of rye, which could be followed by S in the spring. 
Rye could then follow S harvest to provide winter cover and 
some forage with early removal in the next spring to plant CS« 
Procedures used to evaluate digestibility may need to be 
modified to accurately predict silage digestibility. 
A large potential exists for the use of crops, and resi­
dues in particular, as a direct, combustible, clean fuel source 
to produce energy to generate electricity. Calculations showed 
that there could be sufficient caloric energy from com resi­
dues in Iowa annually to replace the fossil fuels needed to 
generate electricity in the state. 
The feasibility of simultaneous utilization for feed and 
fuel of the crops considered in this study hinges on many en­
vironmental, managerial, and agronomic considerations. Very 
significant would be the need for adequate residue return for 
soil and water conservation needs, and that to be used in 
grazing by livestock. Further, the relationships of moisture, 
light, row spacing, population, cultivar and species selec­
tion and pests within cropping systems are some important con­
siderations that need attention. Economics to a large extent 
will determine the feasibility of any of the practices used. 
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APPENDIX Al CUMATOLOGICAL DATA 
Table 53. Daily precipitation (cm) - Ames, lowa, 1974 
Day Jan Feb Mar ^r May Jun Jul Aug Sep Oct Nov Dec Annual 
1 T T 4.17 T 0.28 0.13 
2 0.03 T 0.05 0.94 T 
3 3.63 T 0.30 T 
4 T 0.86 0.08 0.81 0.28 
5 0.18 0.15 
6 0.03 0.30 0.15 2.41 0.56 
7 1.22 T 0.94 
8 0.10 T 0.05 0.13 0.30 T 
9 T T 0.03 T 6.73 3.91 0.53 
10 0.13 T 0.10 1.12 0.41 0.30 
11 T 0.79 1.04 0.86 0.08 0.10 2.46 
12 0.30 0.28 0.05 3.63 T 
13 T 2.29 1.12 0.43 0.23 0.25 0.05 
14 T T 0.56 T T 0.03 T 
15 0.05 0.15 0.23 0.94 
16 3.84 0.89 T 
17 0.08 0.48 T 
18 4.39 0.03 
19 T 1.04 2.03 
20 0.69 0.05 1.37 0.41 
21 0.05 0.61 4.22 0.46 
22 0.58 0.41 0.10 3.66 
23 0.66 
24 T 0.03 T 
25 T 0.38 
26 0.36 T 3.15 T 
27 T 0.33 1.75 0.20 T 
28 0.18 5.87 0.51 0.18 
29 0.41 0.08 0.48 
30 
31 
Monthly 
total 1.97 1.02 2.59 11.44 24.06 14.35 
Monthly 
norm 2.24 2.18 5.26 8.03 11.40 14.66 
Deviation 
from 
norm -0.27 -1.16 -2.67 3.41 12.66 -0.31 
0.03 T 
0.51 T 
0.86 0.18 
5.97 
4.32 11.76 4.90 12.90 2.38 3.06 94.77 
8.71 9.22 8.38 3.05 2.90 2.41 80.90 
4.39 2.56 -3.43 7.34 -0.52 0.65 13.87 
ro 
to 
•>3 
Table 54. Dally precipitation (cm) - Ames, lova, 1975 
Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
1 0.03 0.41 0.23 T 
2 0.53 T 0.38 0.20 0.10 0.38 
3 0.08 0.08 0.05 0.15 
4 0.79 0.41 0.33 
5 T T 1.02 1.60 
6 0.08 T 0.36 
7 0.66 1.52 
8 0.51 T 0.36 1.24 
9 1.32 3.15 3.07 
10 1.35 • 0.25 0.03 0.10 0.13 0.89 
11 0.41 T 0.53 3.05 0.81 0.13 T 
12 0.18 T 0.18 0.03 T 
13 T 1.04 0.18 
14 T 0.69 2.44 2.44 
15 0.08 0.13 0.08 T 
16 0.05 0.13 0.94 
17 0.56 0.64 
18 T 0.20 2.95 1.24 
19 0.20 0.30 T T 0.48 
20 0.97 0.30 1.75 
21 0.23 0.99 T T 
22 0.03 T 2.41 0.031 
23 0.30 2.21 T 2.06 T T 
24 T 0.13 T 0.61 1.40 0.20 T 
25 T T T 0.61 1.35 
26 T 2.92 1.30 0.25 0.25 T 
27 0.03 0.03 1.55 2.31 0.53 T T 
28 1.40 1.50 T 1.37 
29 0.10 
30 
31 
Montllily 
total 3.34 
Monthly 
norm 2.24 
Deviation 
from 
normi 1.10 
T 
t 
1.61 5.09 
2.18 5.26 
-0.57 -0.17 
3.71 
0.25 
10.76 9.44 
8.03 11.40 
2.73 -1.96 
20.44 4.19 
14.66 8.71 
5.78 -4.52 
0.66 T 
0.20 
7.40 3.68 1.40 
9.22 8.33 5.56 
-1.82 -4.65 -4.16 
0.97 
0.48 
7.28 2.62 77.25 
2.90 2.41 80.90 
4.38 0.21 -3.65 
N> 
Table j)5. Daily precipitation (cm) - Ames, lowa, 1976 
Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
1 0.18 
2 T T T 0.10 
3 
4 2.77 
5 T T 
6 T 
7 T 
8 
9 
10 0.03 T 2.72 
11 0.03 
12 2.18 0.61 
13 T 0.84 5.00 
14 T 0.99 
15 0.36 1.07 0.84 0.03 
16 T 0.89 T 1.32 
17 T 0.03 2.84 
18 3.45 0.28 
19 0.05 T 
20 T 1.45 0.33 
21 5.08 1.52 
22 2.72 0.03 
23 3.18 1.12 
24 0.56 0.53 
25 0.30 
26 0.13 0.69 
27 0.86 0.08 
28 T 0.86 1.68 
0.18 
0.38 
0.08 
0.15 
0.08 
0.61 
0.03 
T 
T 
0.97 
0.03 
0.41 
T 
0.43 
T 
T 
T 
0.03 
T 
0.03 
0.23 
0.20 
T 
0.05 
0.03 
29 1.57 T 3.30 
30 3.00 T T 
31 
MonthlLy 
total T 6.38 9.92 14.37 7.55 74.57 
MonthlLy 
norm 2.24 2.18 5.26 8.03 11.40 14.66 
Deviation 
from 
norm -2.24 4.20 4.66 6.34 -3.85 -0.09 
T 
0.48 0.03 
2.81 0.64 0.87 2.32 0.03 0.57 60.03 
8.71 9.22 8.33 5.56 2.90 2.41 80.90 
5.90 -8.58 -7.46 -3.24 -2.87 -1.84 -20.87 
M 
VJJ 
M 
Table 56. Dally temperatures (°C) - Ames, Iowa, 1974 
Day 
Jan Feb Mar Apr May Jun 
H L H L H L H L H L H L 
1 -18 -28 -6 -12 6 -3 13 3 23 6 24 11 
2 -12 -21 -4 -8 17 0 24 1 25 10 26 13 
3 -12 -19 -4 -16 16 6 22 4 25 2 30 5 
4 -9 -25 -8 -19 12 2 5 -1 21 6 29 14 
5 -11 -17 -3 -9 13 -1 9 -3 21 9 27 14 
6 -13 -21 -4 -11 19 1 18 -1 19 0 27 17 
7 -16 -25 -6 -16 19 -1 16 3 16 4 22 14 
8 -10 -14 -6 -14 19 5 11 -4 9 4 21 10 
9 -14 -26 -4 -12 18 3 18 -1 11 6 22 14 
10 -13 -18 -1 -8 6 -2 21 4 17 4 22 13 
11 -13 -26 8 -11 6 1 19 8 19 10 22 11 
12 -18 -32 11 -3 9 -1 17 8 19 7 23 9 
13 -7 -20 11 -4 9 -3 11 4 16 6 26 14 
14 3 -8 0 -4 7 -2 11 -1 15 8 31 16 
15 4 -6 -1 -6 7 0 12 -1 17 3 29 13 
16 4 -5 7 -6 2 -4 16 1 17 11 28 9 
17 3 -4 13 -3 3 -8 21 1 19 13 24 8 
18 3 -2 11 0 8 -2 21 4 19 12 31 11 
19 0 -8 7 -3 3 -7 20 2 18 12 31 15 
20 1 -1 7 -1 2 -6 18 12 29 16 33 21 
21 1 -2 6 -1 3 -15 18 12 28 16 33 20 
22 -1 -5 0 -8 3 -7 17 4 25 13 31 13 
23 0 -14 -4 -11 -4 -16 15 1 23 9 22 11 
24 -1 -11 -8 -16 -2 -18 17 0 21 6 22 12 
25 5 -7 -3 -17 11 -6 26 6 21 7 24 11 
26 4 -1 4 -11 11 -2 26 12 17 11 26 12 
27 2 -7 7 -2 16 -2 28 14 21 9 27 11 
28 3 -9 6 -1 16 1 25 14 26 16 29 12 
29 4 -6 10 3 23 12 26 17 31 17 
30 7 -1 12 -1 23 4 26 14 31 12 
31 7 -15 13 1 23 11 
Max-min 
monthly 
X -3.8 -13.0 1.3 -8.3 9.4 -2.7 18.0 4.1 20.4 9.0 26.8 12.8 
Monthly 
X -8.4 -3.5 3.4 11.0 14.7 19.8 
Monthly 
norm -7.3 -4.5 0.9 9.7 15.8 20.8 
Deviation 
L 
16 
25 
23 
17 
16 
15 
18 
20 
22 
18 
19 
21 
20 
21 
15 
15 
16 
22 
22 
22 
22 
21 
18 
19 
19 
18 
16 
18 
13 
12 
13 
8.5 
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Aug Sep Oct Nov Dec 
H L H L H L H L H L  A n n .  
22 15 19 9 12 -1 17 7 -2 -6 
22 12 18 8 12 -4 16 6 -4 -11 
21 11 17 3 20 -1 8 3 -6 -14 
24 12 19 3 23 9 8 -3 -6 -13 
23 12 19 3 18 7 6 -1 1 -11 
26 11 18 7 13 6 9 -3 1 -3 
25 13 26 9 14 5 16 -2 1 -3 
23 14 28 13 24 2 15 0 -2 -15 
24 17 27 13 23 3 9 1 -1 -14 
27 19 27 15 26 4 8 6 5 -6 
27 14 25 17 24 13 8 1 4 -3 
31 16 22 8 17 9 4 -1 4 -4 
28 17 14 2 11 7 1 -4 2 0 
28 14 22 4 12 6 -2 -6 2 -1 
28 18 23 9 14 -2 5 -9 2 -1 
28 17 26 8 18 4 10 -3 1 -8 
28 14 27 12 20 9 14 -3 -? -9 
28 12 28 10 19 7 8 4 -1 -13 
29 14 28 13 17 1 10 4 -2 -11 
31 18 22 9 16 -1 8 -1 -3 -7 
31 23 20 6 18 1 7 -5 -4 -8 
27 18 15 -2 22 10 17 -2 5 -7 
24 9 22 3 21 7 14 2 2 -7 
25 11 22 9 23 11 4 -6 -1 -10 
26 13 26 7 22 8 2 -9 -3 -13 
31 19 31 10 20 0 6 -4 2 -12 
31 14 29 12 21 6 6 -4 3 -5 
22 9 20 8 22 11 3 -8 4 -4 
22 9 24 -1 19 13 -1 -6 -2 -6 
26 8 18 0 17 8 -1 -3 1 -7 
25 7 17 13 2 -2 
26.2 13.9 22.7 7.6 18.5 5.5 7.8 -1.6 0.1 -7.4 
20.0 15.2 12.0 3.1 -3.6 9.1 
22.8 17.3 11.9 2.9 -4.2 9.1 
-2.2 -2.1 0.1 0.2 0.6 0.0 
Table 57. Daily temperatures (°C) - Ames, Iowa, 1975 
Day 
Jan Feb Mar Apr May Jun 
H L H L H L H L H L H L 
1 2 -6 -2 -7 -1 -8 8 -8 19 1 21 9 
2 -1 -8 1 -4 -5 -11 -4 -8 21 8 23 7 
3 -2 -6 1 -6 -3 -14 -1 -13 17 9 27 10 
4 -2 14 1 -2 0 -13 3 -8 26 6 28 16 
5 1 -13 -1 -13 2 -4 7 -2 29 11 27 12 
6 1 -9 -12 -20 2 -6 8 -2 23 11 27 14 
7 -1 -13 -5 -21 -3 -8 9 -1 22 9 24 9 
8 0 -2 -8 -17 -3 -14 9 1 19 8 24 13 
9 2 -2 -16 -27 -3 -13 4 1 22 7 23 11 
10 3 -2 -2 -18 -1 -9 4 -1 24 9 20 14 
11 1 -18 -3 -7 -2 -11 9 -2 24 11 21 18 
12 -17 -19 -4 -12 -2 -7 10 -2 19 8 24 11 
13 -9 -21 -9 -16 -6 -18 15 0 22 7 30 12 
14 -7 -21 -4 -10 -3 -16 11 4 24 9 29 13 
15 -6 -16 -2 -7 4 -10 12 4 22 4 20 11 
16 -6 -18 -1 -7 7 -1 17 6 24 6 26 12 
17 -1 -16 -1 -3 8 -I 27 7 28 7 26 17 
18 2 -3 -1 -8 8 0 27 2 31 13 26 14 
19 1 -14 -1 -17 15 .-3 8 2 33 18 29 20 
20 -4 -22 2 -14 15 0 11 -1 33 21 31 20 
21 2 -13 5 -5 11 0 14 2 31 17 32 20 
22 -9 -23 2 -4 9 -1 19 0 31 17 31 17 
23 2 -10 -1 -6 9 3 20 9 31 19 28 17 
24 4 -2 -1 -6 8 -4 18 9 29 12 27 16 
25 2 -4 3 -3 -2 -10 17 9 27 15 29 18 
26 -2 -8 3 -4 0 -7 17 6 23 13 29 19 
27 -3 -6 3 -8 1 -3 18 10 26 8 29 19 
28 -1 -10 3 -8 2 -4 19 9 24 12 32 21 
29 -1 -8 1 -7 18 6 21 15 31 21 
30 -2 -11 1 -9 18 2 19 10 31 21 
31 -3 -12 10 -1 21 9 
Max-Mln 
monthly 
X -1.7 -11.3 
Monthly 
X -6.5 
Monthly 
norm -7.3 
Deviation 
from 
norm 0.8 =1.4 -3.1 -2^8 1.8 0=2 
-1.8 -10.0 2,5 -6.8 12.4 1.4 24.7 10.6 26.8 15.1 
-5.9 -2.2 6.9 17.6 21.0 
-4.5 0.9 9.7 15.8 20.8 
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Jul Aug Sep Oct Nov Dec 
H L  H L H L H L H L H L  A n n .  
31 19 31 18 32 16 16 1 20 3 0 -13 
31 17 31 19 32 19 16 -2 16 7 -1 -5 
32 18 31 13 32 20 24 3 19 11 3 -3 
34 21 33 14 23 19 26 6 17 3 12 -2 
34 21 33 17 22 11 26 9 16 4 17 2 
29 21 28 13 23 7 26 4 19 12 3 -9 
30 18 28 11 23 12 26 7 19 9 3 5 
29 19 33 13 22 9 25 9 15 3 1 -2 
27 14 33 18 24 11 24 5 10 7 1 -3 
28 14 31 17 30 13 20 2 12 1 9 -2 
24 13 29 17 29 11 21 0 12 1 6 -2 
24 10 33 16 17 2 32 9 7 -2 -1 -3 
23 8 31 17 21 1 32 16 1 -5 7 -1 
29 9 25 13 22 5 28 12 8 -8 13 -12 
32 14 27 14 19 10 21 2 18 -2 -5 -16 
32 18 27 14 17 12 18 -1 19 1 -3 -11 
33 19 28 14 23 11 17 -1 19 5 -10 -19 
33 21 27 12 22 13 16 -1 19 10 -7 -21 
33 21 28 17 19 3 19 -2 19 9 8 -8 
31 17 31 18 14 8 25 2 16 1 5 -6 
31 16 34 21 16 7 24 6 2 5 -1 -13 
31 19 34 20 21 2 28 6 1 -10 1 -8 
27 19 34 21 20 4 26 14 4 -8 -1 -8 
27 17 34 22 18 2 21 5 2 -9 -2 -7 
27 13 33 15 18 2 12 -2 -6 -10 -2 -3 
31 13 24 11 21 1 16 -1 -4 -9 -2 -6 
31 18 25 13 22 1 18 4 -4 -12 -4 -8 
32 15 25 17 22 10 14 1 -1 -11 -1 -5 
32 16 27 17 20 9 13 -5 11 -2 1 -3 
32 20 27 14 19 7 16 -2 5 -11 4 -6 
32 21 26 13 22 8 1 -7 
30.1 16.7 29.7 15.8 22.1 8.6 21.5 3.7 10.4 -0.6 1.8 -6.9 
23.4 22.8 15.4 12.6 4.9 -2.6 9.0 
23.1 22.2 17.3 11.9 2.9 -4.2 9.1 
0.3 0.6 -1.9 0.7 2.0 1=6 -0=1 
Table 58. Daily temperatures (°C) - Ames, lowa, 1976 
Day 
Jan Feb Mar Apr May Jun 
H L H L H L H L H L H L 
1 -1 -4 6 -11 0 -4 14 -1 18 2 25 13 
2 1 -8 -8 -16 1 -1 23 1 18 2 27 13 
3 -7 -17 7 -14 0 -5 22 2 13 -2 27 10 
4 -11 -22 4 -17 0 -6 15 -2 22 2 27 10 
5 2 -13 -7 -13 0 • 12 21 1 26 16 29 14 
6 1 -16 5 -16 1 -•12 22 3 20 4 29 16 
7 -15 -24 6 -13 1 -7 21 8 16 2 29 13 
8 -14 -25 9 -6 -5 -9 17 -1 23 1 30 14 
9 -4 -21 16 -4 4 -2 19 0 23 6 30 16 
10 -1 -12 13 -2 3 -1 24 5 28 9 29 16 
11 -1 -9 11 -5 7 -3 22 3 27 7 30 16 
12 6 -8 17 0 8 -3 17 -4 21 14 32 20 
13 7 -4 16 -1 2 -9 26 2 16 11 30 16 
14 3 -14 11 -7 6 -1 28 13 19 7 26 16 
15 9 -9 13 5 3 -3 24 16 19 9 26 13 
16 2 -11 11 1 0 -5 25 17 16 11 24 8 
17 -6 -18 3 =1 8 -4 24 12 18 6 29 16 
18 4 -15 7 0 18 2 18 12 21 6 18 11 
19 3 -8 9 -3 23 3 17 3 28 8 23 9 
20 3 -18 9 -1 22 5 16 6 31 14 27 10 
21 4 -4 7 -4 12 -4 17 8 28 14 27 11 
22 2 -10 -1 -13 12 -6 19 7 26 10 28 11 
23 10 -9 3 -13 21 3 19 9 26 8 27 12 
24 6 -5 6 -5 19 8 14 6 20 6 27 16 
25 2 -6 4 -4 21 1 12 2 22 7 28 13 
26 -5 -14 1 -3 16 7 13 1 23 9 31 17 
27 -3 -19 13 -2 13 0 14 4 24 12 30 14 
28 11 -11 12 -3 20 3 14 3 27 13 29 16 
29 7 -8 10 -4 16 7 17 4 26 13 28 12 
30 7 -7 10 1 18 8 22 12 24 11 
31 7 -9 9 1 24 12 
Max-min 
monthly 
X 0.9 -12.2 7.0 -6.0 8.7 -1.8 19.1 4.9 22.3 8.1 27.5 13.4 
Monthly 
X -5.6 0.5 3.4 12.0 15.2 20.4 
Monthly 
norm -7.3 -4.5 0.9 9.7 15.8 20.8 
Deviation 
from 
norm 1.7 5.0 2.5 2.3 -0^6 -G=4 
237 
Jul Aug Sep Oct Nov Dec 
H L H L H L H L H L H L  A n a -
25 13 25 12 30 16 34 10 17 -2 -6 -17 
26 11 26 12 28 10 33 10 14 3 -6 -17 
27 13 27 12 32 16 30 12 12 -2 2 -16 
27 15 28 16 32 12 28 11 4 -3 2 -9 
29 16 28 18 29 10 13 8 9 -8 -2 -9 
29 14 28 16 32 16 12 -1 13 -3 2 -18 
29 14 24 9 32 13 11 0 9 -6 -13 -25 
31 15 26 9 31 11 16 -3 11 -13 -11 -22 
35 22 28 14 21 9 16 2 12 -6 3 -13 
35 22 33 17 27 4 22 3 8 -7 2 -17 
33 22 31 17 29 6 27 3 2 -12 0 -24 
32 19 32 16 30 9 26 11 -4 -13 -3 -12 
34 18 32 16 29 14 23 8 -2 -8 -1 -21 
33 22 29 16 27 14 28 4 4 -14 6 -8 
29 19 24 13 26 7 26 4 7 -10 4 -8 
29 11 24 11 22 4 10 -4 10 -10 9 -7 
29 9 29 16 24 6 7 -6 13 -2 9 -2 
30 14 33 18 27 10 7 -1 18 -4 17 -3 
33 21 32 17 26 16 4 -1 14 9 10 -4 
31 23 29 13 21 11 8 -6 9 -2 -2 -17 
29 20 31 13 21 8 8 -3 8 -4 -5 -21 
28 20 32 14 30 4 11 -8 0 -6 1 -10 
34 20 33 19 29 4 10 -2 -1 -11 -1 -16 
34 20 28 17 21 8 8 1 14 -7 4 -13 
31 14 29 16 21 11 7 -4 17 0 4 -9 
29 16 33 17 20 10 6 -4 5 -1 1 -7 
28 19 29 21 19 8 6 -4 1 -16 11 -8 
28 20 28 11 18 4 11 -6 -11 -21 2 -18 
28 16 28 9 20 5 12 -1 -7 -21 -12 -20 
31 18 33 10 29 4 10 5 -7 -21 -10 -25 
31 16 32 12 13 -1 -14 -27 
30.2 17.2 29.2 14.4 26.1 9.3 15.6 1.2 6.6 -7.4 0.1 -14.3 
23.7 21.8 17.7 8.4 -0.4 -7.1 9.2 
23.1 22.2 17.3 11.9 2.9 -4.2 9.1 
n.fi •0.4 0,4 -3.5 -3.3 -2.9 0.1 
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APPENDIX Bi LABORATORY PROCEDURES 
Procedure for Lyophilization 
Samples were maintained in a frozen state in a freezer 
at -22®C prior to lyophilization. Samples were then removed 
from their plastic bag and placed on a paper towel and weighed. 
These samples (approximately 100 to 200 g wet wei^t) were 
placed on the bottom three shelves of a Virtis model USM-15 
freeze-dryer that had the shelves previously cooled to -40°C. 
Thermocouples were placed in a sample on each shelf and the 
plexiglass door was secured. The unit remained on the shelf 
cooling cycle for ça. 3 hours until temperature of the samples 
reached -4o°C. The condenser was then switched on and remained 
on for the entire lyophilization cycle. When the condenser 
temperature reached -50°C, approximately 30 minutes after being 
turned on, the vacuum pump was started and all open valves 
closed. In ça. 2j hours after reaching 50 microns of vacuum 
the heating unit to the shelves was turned on to 15«5°C (60°P) 
fluid temperature for 2 hours, then to 32°C (90°F) for 12 
hours and finally (120°?) for 24 hours. Upon completion 
of the heating cycle and when sample temperatures reached 
30®C or higher, the vacuum was released and samples were re­
moved from the freeze-dryer and reweighed. Percent DM was 
calculated. If dried samples were not ground immediately, they 
were stored in sealed plastic bags. 
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In vitro Dry Matter Disappearance (IVDMD) Procedure 
Dry, finely ground (1 mm) samples were weighed less than 
3 days prior to start of an analysis. Samples were weighed and 
recorded at a weight ranging from 0.2490 to 0.2510 g. The 
sample was transferred from weigh paper to a 50-ml plastic 
centrifuge tube. These tubes were placed at random in racks to 
hold tubes upright. Samples v/ere assayed in duplicate and four 
standards of different plant material and varying known diges­
tibilities were included in each analyses. One blank for each 
rack was also included. 
On the day the run began, solutions A and B (see Table 59 
for reagents and amounts) were mixed in a large flask in 
approximately a 50*1 ratio to obtain a buffer-nutrient solu­
tion with a pH of 6.8. Amounts of solution B could be altered 
slightly to obtain the proper pH. The flask of buffer-
nutrient solution was then placed in a water bath, prewarmed 
to 39°C. 
Rumen fluid for the procedure was obtained from a fistu-
lated Angus cow, maintained on a constant ration consisting of 
approximately 2 kg of grass-legume-hay, 4.55 kg cracked com, 
and 0.045 kg mineral mix. Sampling occurred between 8 and 9 
a.m. Morning feed was withheld from the animal until after 
sampling. Extraction of the rumen fluid involved the use of 
a 50-cm long, l-cm diameter stainless steel tube closed at one 
end. This end of the tube had four rows of 2-mm holes extend-
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Table 59* Solution A and B reagents and amounts for the 
IVDMD procedure 
Solution A reagents at-
KHgPO^ 10.0 
MggO^.THgO 0.5 
NaCl 0.5 
CaCl2'2H20 0.1 
Urea^ 0.5 
Solution 3 reaeents 
NagCOj 15.0 
NagS.SHgO 1.0 
^rea was added to solution A just prior to mixing with 
solution B on the morning the lYJMD procedure "began. 
ing 10 cm hack from the end. Plastic tubing was connected to 
the open end of the tube and to a pre warmed, side-armed flask 
to which a hand-operated vacuum pump was connected. The 
stainless steel probe was placed through the canula and an 
appropriate amount of rumen liquor for the analyses was ex­
tracted by suction into the flask. From the flask, the rumen 
fluid was transferred immediately to a prewarmed thermos 
jug, and returned to the laboratory. 
The rumen fluid was filtered through six layers of cheese 
cloth and measured to obtain one part rumen fluid for every 
four parts buffer-nutrient solution. In the meantime, rumen 
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fluid pH was checked and used only if pH was 6.6 to 7«0. 
The rumen fluid was then transferred to the wazm flask of 
buffer-nutrient solution and this mixture was flushed with 
CO2 and stoppered. 
The rumen-buffer-nutrient solution was placed on a mag­
netic stirrer and a Filamatic vial filler was used to dispense 
25 ml of this mixture into each tube. As racks were filled 
they were placed in the water baths. At that time, the tubes 
were flushed with COg for 10 seconds and stoppered with a 
Number 6 stopper, including a gas-release valve. After com­
pletion of tube filling and stoppering, tubes were swirled to 
mix the sample thoroughly with the liquid. Care was taken 
to avoid splashing the sample onto the stopper or upper tube 
walls. 
Tubes were later shaken at 12 noon and 5 of the 
first day, 8 a.m. and 5 p^m. of the second day, and 8 a.m. 
of the third day. 
Forty-eight hours after the samples were injected with 
the rumen fluid-buffer-nutrient solution, stoppers were re­
moved and 1 ml of 6N HCl followed by 1 ml of pepsin solution 
(1 ml distilled water per 0.1 g pepsin powder) were added. 
Tubes were gently shaken and continued for' 24 hours at 39°C 
in the waterbath under aerobic conditions. Tubes were shaken 
again at 5 p.m. that day and at 8 a.m. the next day. 
On the fourth day, 24 hours after HCl and pepsin were 
added, tubes were removed from the water bath and the contents 
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filtered. Filtering consisted of pouring and rinsing of 
contents from the tube onto l^.O-cm diameter. Number ^  What­
man filter paper in a Buchner funnel. This filter paper had 
been preweighedt Ten papers were dried 24 hours in a 70®C 
oven, then weighed for DM determination. Undigested sample 
residue was retained on the filter paper and supernatant was 
pulled from the funnel into a side-arm flask under vacuum. 
After filtering, the paper was removed from the Buchner fun­
nel and placed in a forced-air oven at 70®C for 3 days. After 
removal from the oven, the 1974 samples were placed in des­
iccators (seven per desiccator), allowed to cool, then weired, 
The 1975 samples, after removal from the oven, were allowed to 
cool at room temperature and humidity for 6 hours and were 
then weighed. 
Percentage IVDMD was calculated as follows* 
jS IVDMD = 100 X sample weight - (paper and residue weight 
paper weight - blank value)/ sample wei^t. 
The blank value was an average of all blanks. Blank 
values were calculated by subtracting the paper weight from 
the weight of the residue of the blank plus the paper weight. 
With the 1974 samples, the DM of the original paper wei^t 
was calculated by multiplying the average percentage DM of 
the 10 dried papers times the weight of all papers. 
All standards over runs for 1974 were averaged to obtain 
a grand mean. Standards of each run were then averaged and 
the ratio of run mean to grand mean was multiplied times each 
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value of the particular run. Values were obtained that were 
adjusted for run differences and they could therefore be 
better compared over runs. This procedure was also used for 
1975 sangles. 
Procedure for Crude Protein (CP) Determination 
Analyses of samples for percentage CP were conducted 
using the first stage (digestion phase) of a micro-Kjeldahl 
procedure for the determination of percentage total N, as 
outlined by Perrin (6?). The second stage of the micro-
Kjeldahl procedure (distillation phase) was not used but was 
replaced with the use of a Technicon Autoanalyzer to determine 
ammonia content of the digested portion of the first stage. 
Through the comparative use of ammonia standards and conver­
sion equations the percentage CP was determined. The following 
description outlines the procedure used. 
Dry samples (in duplicate) were weighed on a 5x5 cm-
square, Saran wrap to a weight between 0.0095 and 0.1005 g 
(sample weight). The Saran wrap was then folded in a small 
square to enclose the sample, then placed in a 30-ml micro-
Kjeldahl flask. If not used directly, the sample was placed 
in a coin envelope and stored in a desiccator until used. 
Blanks were also included(these consisting of Saran wrap only). 
Digestion took place on heater units specifically de­
signed for micro-Kjeldahl digestion under a ventilated hoc-d. 
Immediately before being placed onthe heating units at a 
2# 
temperature setting of 2, approximately 0.5 g of catalyst 
(100 g KgSO^ + 10 g CuSOi^.SHgO + 1 g selenium) were added to 
the flask. This was followed by adding 3 ml of 18N HgSO^^. 
Samples, after being placed on heaters, were left to digest for 
^5 to 60 minutes or until initial smoking and frothing de­
creased. After this period, heat was gradually increased up 
to setting no. 6. Digestion time was approximately 4 hours 
or until digestion mixture turned light green to clear. 
During the digestion phase the flasks were periodically 
swirled. After digestion, flasks were taken from the heater 
units and allowed to cool to room temperature. Inside walls 
of the flasks v/ere then rinsed with ammonia-free water and 
stoppered. 
Dilution of the digested samples was carried out shortly 
after digestion. The digested mixture was transferred to a 
50-inl volumetric flask by rinsing with ammonia-free water. 
The digested mixture in the 50-ml volumetric flask was then 
brought to 50 ml with ammonia-free water. After thorough 
mixing of the diluted sample, disposable pipettes were used 
to transfer a 2-ml subsample to a 2.5-xnl Autoanalyzer vial. 
Two subsamples were taken for each digested sample. The 
vials were numbered accordingly, covered with Parafilm and 
stored until analysis with the autoanalyzer, 
A Technic on Auto Analyzer was used to colormetrically 
determine the quantity of ammonia in the diluted digested 
samples. The temperature bath was turned on 2 hours prior to 
2k5 
the start of each run to allow temperature to reach and main­
tain 37®C. Prior to the running of the actual samples, a 
warm up and adjustment period was used. Ammonia-free water 
was pumped through all tubes for 15 minutes to clear them of 
any residues from previous runs. The reagents used to create 
color differences (see discussion to follow) were then fed 
into the tubes from metering and mixing. 
The two reagnets used to produce color changes in the 
sample were* (1) alkaline phenol (500 ml NaOH solution 
(40^-400 g NaOH in 1 liter of ammonia-free water) plus 276 ml 
of carbolic acid (88#) made up to 1 liter with ammonia-free 
water: the carbolic acid was added to the NaOH solution slowly 
in an ice bath) and (2) sodium hypochlorite was commerical 
"Clorox" bleach. 
After a 10-minute flow of the reagents, the X-Y chart 
paper recorder was turned on. The recorder was adjusted first 
to 0# transmission by use of a solid slide blocking light in 
the colorimeter. The solid slide was then removed and a base 
line was established at 98?5 transmission by adjusting the 100# 
transmission dial on the colorimeter. The zero msirk was re-
checked followed by return to the base line. The adjustment 
of the base line was made after every 20 samples and before 
and after standards. Light used for the colorimeter passed 
through a Nos 5 slit and a 690 m filter. Upon final adjust­
ment, a set of known standards of ammonia were run in duplicate 
through the analyzer. These standards ranged from 10 to 
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150 ppm of ammonia. The formulation of these standards is 
given in Table 60. These were then run through the digestion 
phase similar to the other samples, diluted to 50 ml, and 
handled accordingly. 
Table 60. Formulation of ammonia standards for CP evaluation 
NHzf (ppm) ml of stock solution^ 
^tock solution: 1000 ppm N (2,1439 g of urea was 
diluted with 1 liter of ammonia-free water). 
The standards were run after approximately every 80 
samples or between sets of different samples. 
Samples were run (as were standards) by removing the 
parafilm from the vials and inserting in a wheel rack which 
ran at a rate of 4o samples/hr through the autoanalyzer. Re­
corded line peaks obtained for the standards and samples 
v/ere numbered on the chart paiper. 
At the end of the run, blanks were run through the auto­
analyzer: No blanks in any of the runs showed any N present, 
thus suggesting a clean run and no need for adjustment. 
50 
75 
100 
125 
150 
10 
20 
0.5 
1.0 
1.5 
2.0 
2.5 
3.75 
5.00 
6.25 
7.00 
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Following completion of all sampling of vials, water was fed 
into the tubes for 15 minutes for rinsing. 
Percentage CP in the samples was determined by developing 
a standard curve for percentage CP from the standards. For 
example, the 20 ppm N standard as run through the digestion 
phase and dilution was equal to a IjS N sample or 6.25^ CP. 
All sample peaks on the chart paper were passed under the 
standard curves on a chart reader. Matching of the peaks 
vdth the curve allowed for direct reading of percentage CP. 
Percentage CP values for each vial ran were determined. 
Duplicates of each crop sample were averaged and used as a 
value for that sample. 
Procedure for Determination of Combustible Gross Energy 
Dry, finely ground (1 mm) plant samples were weighed to 
approximately 0.5 g and then made into a pellet with the use 
of a cylinder press. Pellets were placed in preweighed clean 
sample cups and total weight was determined. Cup and pellet 
were then placed between two electrodes on a receptacle of 
one of the electrodes. These electrodes were part of the in­
sert to the cylinder part of the oxygen bomb. A nickel-
cadmium wire 23- cm long was connected to the two electrodes 
and shaped in such a manner to be placed close but not touching 
the sample pellet. 
The insert with electrodes was placed in the cylinder of 
the oxygen bomb containing 1 ml distilled water. The unit 
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was secured tightly by a screw-on ring sleeve. Oxygen supply 
was disconnected and the bomb immersed in 2000 g of water 
(ça. 25°C) in a preweighed bucket. 
This bucket containing water and the bomb was placed in 
the calorimeter. Two wire jacks were connected to the two 
electrodes of the oxygen bomb. The cover of the calorimeter, 
containing a thermometer to be inserted into the bucket con­
taining the water and the bomb, was closed. The thermometer 
was then lowered into the bucket. Power to the calorimeter 
was turned on and water contained in the jacket of the calo­
rimeter was now allowed to equilibrate temperature-wise with 
the water in the bucket. Once the two temperatures were equal 
the calorimeter continued to maintain temperature equilibrium 
for 3 minutes. After 3 minutes the temperature of the bomb 
was recorded and the bomb was ignited. The calorimeter then 
pumped in warmer water from a preheated unit to maintain 
equilibrium of temperature between jacket and bomb. The rise 
in temperature of both were checked periodically to assure 
that the rise in temperature of the bomb was being equalled 
by the rise in jacket temperature. After 9 minutes the final 
temperature of the bomb was recorded and the power turned off. 
The bucket containing the bomb was removed from the 
calorimeter and the bomb dravm from the bucket. The pres­
surized gases inside the bomb were released through a release 
valve and the bomb was disassembled. 
The inside of the bomb and attached units were rinsed 
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with an indicator solution, with the rinsings placed into a 
1 liter flask v/ith a magnetic stirrer. This indicator solution 
consisted of 1 g methyl orange, and 1.4 g xylene cyanole FF 
per liter of water. This solution was mixed with distilled 
water at 4 ml per liter of water to produce the rinse solution. 
Rinsing was continued until the solution produced no more 
color change (green to red). The rinsings in the liter flask 
were then titrated with a 0.0725N NagCO^ solution. The amount 
of NagCOg solution was recorded when a sufficient quantity 
was dispensed to change the indicator rinse solution from red 
to green. The remaining fuse wire was taken from the electrode 
and the length measured and recorded. 
Benzoic acid samples were run periodically as a known 
standard. As values obtained were close to that of the 
standard no adjustment was made for samples. The gross 
combustible energy value of the sample was determined by the 
following equation: 
((Tp - T,) X 2419.5) - A - W 
Gross combustible energy (cal/g) = ?s s? 
C^+F " "c 
where I Tp = final temperature, °C; Tj = initial temperature, 
°C; 2419.5 = energy equivalent of calorimeter and bucket in 
cal/°C; A = ml of NagCO^ for titration (correction for heat of 
formation of HNO^ + ) ; W = length of wire consumed in 
firing (correction for heat of combustion of wire), = 
weight of cup plus sample in gi of oup in g, 
A more detailed description of bomb calorimeter procedure can 
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be found in the Parr operating manual (65). 
In an experiment where samples of com stover, com cobs, 
and soybean stover at different moistures were analyzed for 
combustible energy concentration, samples were reconstituted 
using the following procedure. Approximately 1 g of dry 
sample was placed in a 100 ml-beaker. This was placed with 
other samples in a desiccator (without desiccant) with 1 liter 
of water contained under a perforated plate. From precalcu-
lated rates of absorption of water vapor by ground samples, 
the beakers with samples were allowed to remain for a specified 
time to accumulate an approximated desired water content. 
Beakers were then covered with Parafilm to retain the proper 
moisture content until the analysis was made. In addition to 
the sample ignited in the calorimeter, the remaining part of 
the reconstituted sançle was weighed immediately, dried 2 days 
at 70°C, and the DK value calculated. 
